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pounds of formula I active in-vitro and in cellular assays 
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Wherein W is CH or N; R» ls H , halo, C 1Jt aikvf cv- 

N(R»fe wherein each R* te independently H.c'alicyl 
or cycioalkoxy; and R* is H, haio. Zkyi . (£ ^ 



doalkyl, hatoalkyl. thloalkyl. C M alkoxy, ^ 
q^oalkoxy, C 2 . 7 alkqxyallcyl, C^cycloalkyl, C 6 J 10 l° 

ylorHet.wherelnHetisaflve-.six-.orseven^bered 
saturated or unsaturated heterocycte containing from 
one to four heteroatoms selected from nitrogen, oxygen 
andsutfur; said cycloalkyl, aryl or Het being substituted 
*i* R*. wherein R* b H , C ^ alkyl, cycloalkyl, 
a,kDX fc c »« cycioalkoxy, N0 2 , N(R25), ( NH-C/O) 
-R»; or NH-C(0)-NH-R2s, wherein each R* , s ind J 

frl e ^ :H * Cl - 6 ^ ,ky,0rC « c y c,oalk y , ;orR24 i sNH-C 
f i2 R ^ re, ^ RM,sC ^ or cycloalkyl; R3 
b hydroxy, NH^ oragroup of formula- NH-R31, wherein 
te c 6orio aryl, heteroaryl, -C(0)-R32 -CfO-OR 3 * 
or <mwm. wherein R* fe: ^ alkyl or 6^ cy- 
c oalkyl; D Is a 5 to 10-atom saturated or unsaturated 
alkylene chain optionally containing one to three heter- 
oatoms independently selected from: O, S, or N-R" 
wherein R« is H, alkyl, cycloalkyl or -C(0)-n"' 
wherein R« b C ^ alkyl. cycloalkyl or C 6 „ 10 aryl; * 
orfrom one t0 »iw substituents at any carbon atom 
of said chain D, said substftuent Independently selected 
from the group consisting of: alkyl, C 14 haloalkyl, 
alkoxy, hydroxy, halo, amino, oxo, thio or thlo- 
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alkyl, and A is an amide of foimula -C(0)-NH-RS where- 
in R5 is selected from the group consisting of: C, . allc 
C„ cycloalkyl, aryl or C^,, aralkyl; or A is' 



-«j.,a..uMisanamioeorromiula-C(0)-NH-RS where- « 

^Z^^*W<?^*C^ ^^^aphatrnaceuticanyacceptablesaltor 
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Description 

FIELD OF THE INVENTION 



S t^^K lnVe r°" 1** t0 com P° unds ' compositions, the preparation of such compounds and methods 
\Zll 5 T °l h T at,te ° ^ (HCV) fnfecti0n ' ,n P artlcu,ar « P rese "t Invention provides novTl peptide ant 



ro 



BACKGROUND OF THE INVENTION 



d^^ 

H, h ™ 6 r* 3 "^ ? Whfch HCV SStablishes viral Persistence and causes a high rate of chronic liver disease 
Sill r * 0rou ? h * e,uddated - » * "ot known how HCV interacts with and evades the hcJTmun "Zs^Tn 

i es^fhS?" " ,ar h h 7°T' ,mmUne responSeS in P—*" ^.nst HCV infec^onrdTseaiTave 
E££ ? ; lm n mun °9 tobullns hava bee" reported for prophylaxis of transfusion-associated viral hepattos 

EES J rSES o^ C ° ntro ' *" ^ mSen "> reC ° mmend ™°^"s treatment forth* pu^e.' 
elos^^hv^l^ TT" 6 reSP ° nSe fe hamp6rih9 the deve, °P ment ^ « vaccine or adequate post- 
SSlS; near " term ' h ° PeS 3,6 *"* pinned on antiviral interventions. P 

^SLX^SSSSS r rT C r ,UCted "* ^ 9 ° al ° f identifV, ' n 9 P^aceutica. agents capable of 
to££££L a .o„ a ^ T * aff,iCted Wit " Chronic hepaBtis C - ' n,ese studies "«ve involved^ use of 
^mT^fTh^ '1 1? ' n COmb,natlon with ° ther antiviral agents. Such studies have shown that a substantia 

ev*e"^^ 

patients. Interferon in combination wrth nbavinn was originally approved for patients non-responsive to IFN alone It 

[00071 HCV is an enveloped positive strand RNA virus in the FlavMridae family The sinale strand HCV rn a n,™™ 

^S^SS^^Z N^T^S Pn>teinS - 0886 ° f HCV ' "» 9 e " erati0 " ° f 

' ^ P role 'ns (NS2, NS3, NS4A, NS4B, NS5A, and NS5B) is effected bv two viral Droteases The n re t on* 

as yet poorty characterized, cieaves at the NS2-NS3 junction; the second one b a^XSEj^JS 

Nfflnmiuc h ^1 NS4A prDteln a PP eara to serve multiple functions, acting as a cofactor for the 

protease and P ossib| y assisting in the membrane localization of NS3 and other vira reolfcase ^mn^rTh! 

ta,l °? eSrteS ^ eN ^ proteinaboe * tote " u ^demphospha 
LnS, A o ePend6nt RNA P 01 *™"^ « involved in the replication of HCV 8 

JELSSSf^ 97/06804 deSCrib8S *• « enanti ° mer ° f 108 nUcleos,da anal °9 ue eytosine-1.3-ox- 
Sl! !S2ni3 C) 88 aCdVe a9ainSt HCV - Thfe ""P 0 "* ■»•"«* reported - P-vious ci.nica, 

Sepo^ed ^ t0 ^ C " n,Cal * ^ ^ a3ainSt HCV and mecnaniSm of ^ ^ * a virus has yet 

eSii;^ 

Itllowfng^u^ t0 diSCOV6r C ° mP0UndS "•** ,nhibit 0,6 NS3 r0teaSe ° r RNA halfcasa * HCV have ied to 



3 



EP1437 362A1 



to 



15 



ISthl M h ruM?, rSne I ,Uin0n i e h8S bee " rep ° rted by Chu et - - n»- Lett., (1996), 7229-7232) to have activity 
against the HCV NS3 protease *, vflrtx No further development on this compound has been reported 

ESS ^rr 8 "^!!^* International Conference on Antiviral Research, Urabandai, Fukyshima, Japan 

pl 9 ?^ 

EL S^t^hlT rePOrted , C ° mP0UndS ' nhtoit0,y t0 0ther serine P roteases ' such 38 human leukocyte 
d S^S^IfT \ « compounds is reported in WO 95/33764 (Hoechst Marion Roussel. 1995). The peptides 

C°vlus N^eaT ' ^ Vert6X Phannaceut,ca,s ,nc - disctese * >"""*ors of serine protease, particuiarly, Hepatitis 
inhibitors useful as antiviral agents for the treatment of HCV infection proteinase 
S 1 ^9?Sl h d 3 89u 6 i9M) ,n9allinella ** haVe PUb ' iShed ° n NS4A " 4B Pr ° dUCt inhibiti0n ( Bioch ^fetiy (1998). 
20 E5S3r^lsJTSS^^' ,0 Seh0rtr *" C5«TO»tion dteciososzo anclSI amte acid porttlcte sequence aolti^ aoatartt.^ 
ieraL W ° 98/46597 ^ UniVerSity diSC,0SeS P 6 " 1 " 168 and Pepttdomimetics active //> v*o against serine pro- 
Jea^ 1 W ° 98/46630 ^ PepUde TherapeUtiCS discloses depsipeptide substrate inhibiting the HCV NS3 pro- 

25 El " nal| y- US5 ' 86 9.253 discloses enzymatic RNA molecules that inhibit the HCV NS3 protease 

Si rCtii e nrs Se ns descrhed *" disciose su99est ** peptides aceve and 

- a'a^he^ 

2 J^^JT ^ HCV NS3 P,DteaSe - NOthing thiS discl0sure "W* or indicates the cyclic nature* 

^Tap^tion. additl0n • th ' S aPP ' iCati0n WaS PUb,fehed after 106 P"' ori * date * *• 

" CidsTpT 64442 ^ ,RBM ' *° PUb " Sh ' d aftGr * e Pri ° nty date ° f thte app,ication ' discloses oligopeptides with 

Se^ln P ^^ 
Eeof n L a C^ 

EStk ^T 6 ' advantaga of one ^Ped of the P^t invention resides in the fact that these peptides specifically 
EJS2I223^" nd * " 0t Sh ° W 8,9nifiCant ' nhibit0ry ^ a9a,nSt 0ther Serine P rotea ^ suc " « huZ 

Sn-l'Tno advanta9e , of *• P resent inventi °n that it provides small peptides of low molecular weight that 
ranM^wi ? . i i 06,1 membranes and '""toft the NS3 protease activity in cell culture. 9 
ES2«h?if T% °° f thecom P° u " ds of thepresent invention resides in the fact that they are active in 

SUMMARY OF THE INVENTION 

[0030] Included in the scope of the invention are compounds of formula (I): 
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wherein W is CH or N, 

*??J2i ha !°' ^ a!ky1, °** cycloa,k y | ' C i-e haloalkyi, alkoxy, cycloalkoxy, hydroxy, or N(R*3) 2( wherein 
each R» is independently H, alkyl or cycloalkyl; and 

R22 is H halo alkyl, cycloalkyl, C 14J haloalkyi, thioalkyl, alkoxy, cycloalkoxy, C+ 7 alkoxyalkyl, 
W« cycloalkyl, C 6or 10 aryl or Het, wherein Het is a five-, six-, or seven-membered, saturated or unsaturated hetero- 
cycle, containing from one to four heteroatoms selected from nitrogen, oxygen and sulfur; 
said cycloalkyl, aryl or Het being substituted with R 24 , 

^muS 4 * hal °' a,kyl ' °" c y c,oa,k y | ' C i-6 alkoxy, cycloalkoxy. N0 2 , N(H»fe NH-C<0)-R» 0 r NH-C 

wherein each R» is independently: H, C 1-6 alkyl or cycloalkyl; 
or R2* is NH-C(0)-OR» wherein R* is C,^ alkyl or cycloalkyl; 

■J^S NH2> ° ra 9r0Up 0,fomiu,a ■ NH-R 31 , wherein R3i is 10 aryl, heteroaryl, -C(0)-R32, -C(0)-OR32, or 
-CiOj-NHR 3 *, 

wherein R 32 is: alkyl or C^e cycloalkyl; 

D Is a 5 to 1 0-afom saturated or unsaturated alkylene chain optionally containing one to three heteroatoms independ- 
ently selected from: O.S, or N-R*1, wherein ■ 
*V iS lJ H, °S* a,kyl ' °** « -C(0)-R« ( wherein R« is C 1-6 alkyl, C« cycloalkyl or C e „ 10 aryl; 

R is H or from one to three substltuents at any caitoon atom of said chain D, said substituent independently selected 
from the group consisting of: alkyl, haloalkyi, C w alkoxy, hydroxy, halo, amino, oxo. thio, or C,- thioalkyl and 
A is an amide of formula -C<0)-NH-RS, wherein R* is selected from the group consisting of: C, - alkyl. <~, cycloalkyl 
C 6or10 .aryl or Cy.^ aralkyi; *° 
or A is a carboxylic acid or a pharmaceutically acceptable salt or ester thereof. 

[0031] Included within the scope of this Invention is a pharmaceutical composition comprising an anti-hepatitis C 
virally effective amount of a compound of formula I. or a therapeutically acceptable salt or ester thereof, in admixture 
with a pharmaceutically acceptable carrier medium or auxiliary agent 

[0032] An important aspect of the invention involves a method of treating a hepatitis C viral infection in a mammal 
by administering to the mammal an anti-hepatitis C virally effective amount of the compound of formula I, or a thera- 
peutically acceptable salt or ester thereof or a composition as described above. 

[0033] Another important aspect involves a method of inhibiting the replication of hepatitis C vims by exposing the 
vims to a hepatitis C NS3 protease-inhibiting amount of the compound of formula I, or a therapeutically acceptable 
salt or ester thereof or a composition as described above. 

[0034] Still another aspect involves a method of treating a hepatitis C viral infection in a mammal by administering 
thereto an anti-hepatitis C virally effective amount of a combination of the compound of formula I, or a therapeuticaHy 
acceptable salt or ester thereof. According to one embodiment, the pharmaceutical compositions of this invention 
comprise an additional immunomodulatory agent. Examples of additional immunomodulatory agents include but are 
not limited to, a-, p-, and interferons. 

[0035] According to an alternate embodiment, the pharmaceutical compositions of this invention may additionally 
comprise an antiviral agent. Examples of antiviral agents include, ribavirin and amantadine. 
[0036] According to another alternate embodiment, the pharmaceutical compositions of this invention may addition- 
ally compnse other inhibitors of HCV protease. 
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[0037] According to yet another alternate embodiment, the pharmaceutical compositions of this invention may ad- 
ditionally comprise an inhibitor of other targets in the HCV life cycle, such as helicase, polymerase, metalloprotease 
or IRES. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Definitions 

[0038] As used herein, the following definitions apply unless otherwise noted: 

[0039] With reference to the instances where (R) or (S) is used to designate the absolute configuration of a substit- 
uent, e.g. R 4 of the compound of formula I, the designation is done in the context of the whole compound and not in 
the context of the substituent alone. 

[0040] The designation "P1 , P2 f and P" as used herein refer to the position of the amino acid residues starting from 
the C-terminus end of the peptide analogs and extending towards the N-terminus (i.e. P1 refers to position 1 from the 
C-terminus, P2: second position from the C-terminus, etc.) (see Berger A. & Schechter I., Transactions of the Royal 
Society London series B257, 249-264 (1 970)). 

[0041 J As used herein the term "1 -aminocycloprorjyl^arboxylic acid" (ACCA) refers to a compound of formula: 

O 

H 2 N, 



[0042] As used herein the term "vinyl-ACCA" refers to a compound of formula: 

"si- 

[0043J As used herein the term •homo-aHyl-ACCA" refers to a compound of formula: 

O 



H 2 N 



[0044] The term "halo" as used herein means a halogen substituent selected from bromo, chloro, fluoro or iodo. 
[0045] The term "C^ haloalkyf as used herein means as used herein, either alone or in combination with another 
substituent, means acyclic, straight or branched chain alkyl substftuents containing from 1 to six carbon atoms having 
one or more hydrogen substituted for a halogen selected from bromo, chloro, fluoro or iodo. 
[0046] The term "C^ thioaikyl" as used herein means as used herein, either alone or in combination with another 
substituent, means acyclic, straight or branched chain alkyl substituents containing a thiol group such a thlopropyl. 
[0047] The term "C 1-6 alkyl" or "(lower)alkyT as used herein, either alone or in combination with another substituent, 
means acyclic, straight or branched chain alkyl substituents containing from 1 to six carbon atoms and includes, for 
example, methyl, ethyl, propyl, butyl, hexyl, 1-methyiethyl, 1-rnethylpropyl, 2-methylpropyl, 1,1-dimethylethyl. 
[0048] The term "C^ cycloalkyl" as used herein, either alone or in combination with another substituent, means a 
cycloalkyl substituent containing from three to six carbon atoms and includes cyclopropyl, cyclobutyl, cyclopentyl, and 
cyclohexyi. The term "unsaturated cycloalkyl" Includes, for example, the substituent cyclohexenyi: 
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[0049] The term 'saturated or unsaturated alkylene" as used herein means a divalent alkyl substituerit derived by 
hlw^T one hydrogen atom from each end of a saturated or unsaturated straight or branched chain aliphatic 
hydrocarbon and includes, for example, v 

fh^ifi 0 ^?^ 2 *' -^WaCH-CHCHjCHr or -CH^CCHaCr^-. This alkyl chain may optionally contain 
a heteroatom such as oxygen (for example: CHa-CHj-O-CHa-). 

S,. a 1 ?i t ^ m m< 2Z a L k0Xy " 88 US6d hereln ' either alone or in combination with another substituent. means the 
substituent -O-C,* alkyl wherein alkyl is as defined above containing up to six carbon atoms. Alkoxy includes methoxy 
ethoxy, propoxy, 1-methytethoxy, butoxy and 1,1-dimethylethoxy. The latter substituent is known commonly as tort- 

ESi, c ^° a,kyl " 83 used herein - eitner a'ono or in combination with another substituent, means the 

substituent -O-C^ cycloalkyl containing from three to 6 carbon atoms 

El ^ZS™ a,k0 f alkyl " " herein - means substituent C« alkyKKJ M alkyl wherein alkyl is as 
defined above containing up to six carbon atoms. For example, methoxymethyj means -CHVO-CHa 

H r ^ ^™3 7 f 5 "' 38 herein ' either alone or in combination with another substituent, means an 
alkyl group linked through a carbonyl group such as -0(6)^.6 alkyl. 

[0054] The term -C 6 orC 10 aryf as used herein, either alone or in combination with anothersubstituent, means either 
an aromahc monocyte system containing 6 carbon atoms or an aromatic bicycle system containing 1 0 carbon atoms 
For example, aryl includes a phenyl or a haphthyl - ring system. 

S nH^I "° 7 ^ a T!^' aS . USed hereJn ' eithera| o ne or in combination with anothersubstituent, means an 

2l? !J5?,^7 f roU9h 30 a,ky ' 9rDUp ' Wherein alkyl fe 85 defined ^ove containing from 1 o 6 carbon 
atoms. Aralkyl includes for example benzyl, and butylphenyl. 

SL^^Th" ?*" 38 "T! h t re ' n ' 6ither 3,0,16 ° r in with anothersubstituent, means a monovalent 

«™^« f remo r a ' ^ a ^"'S^n from a five-, six-, or seven-membered saturated or unsaturated (including 

JSSSL t J"^*, ^'"L" 9 ^ ° ne 10 ,0Uf neteroatoms select od from nitrogen, oxygen and sulfur. Examples 
pJrimX oT tetrah yorofuran. thiophene, diazepine. isoxazole, pipendine, dioxane. morphoL, 



o 



[0057] The term "Het ■ also includes a heterocycle as defined above fused to one or more other cycle be it a hete- 
rocycle or any other cycle. One such examples includes thiazolo[4,5-b]-pyridine 

S™^ h ° T "T?* "^.T* " nder thB term " Het *' 0,6 term •hoteroaryl- as used herein precisely defines an 
; etero oyclo for which the double bonds form an aromatic system. Suitable example of heteroaromatic 
system include: quinoline, indole, pyridine, wuaiwnauc 
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[0059] The term "pharmaceutically acceptable ester* as used herein, either alone or in combination with another 
substrtuent, means esters of the compound of formula I in which any of the carboxyl functions of the molecule but 
preferably the carboxy terminus, is replaced by an alkoxycarbonyl function: 

O 

in which the R moiety of the ester is selected from alkyi (e.g. methyl, ethyl, /vpropyl, t-butyl, n-bulyl); alkoxyalkyl (e.g. 
methoxymethyl); alkoxyacyl (e.g. acetoxymethyl); aralkyl (e.g. benzyl); aiyloxyalkyj (e.g. phenoxymethyl); aryl (e.g. 
phenyl), optionally substituted with halogen, C w alkyl orC^ alkoxy. Other suitable prodrug esters are found in Design 
of prodrugs, Bundgaard, H. Ed. Elsevier (1 986) incorporated herewith by reference. Such pharmaceutically acceptable 
esters are usually hydrolyzed in vivo when injected in a mammal and transformed into the acid form of the compound 
of formula I. 

[0060] With regard to the esters described above, unless otherwise specified, any alkyl moiety present advanta- 
geously contains 1 to 16 carbon atoms, particularly 1 to 6 carbon atoms. Any aryl moiety present in such esters ad- 
vantageously comprises a phenyl group. 

[0061] m particular the esters may be a C,. 16 alkyl ester, an unsubstftuted benzyl ester or a benzyl ester substituted 
wrth at least one halogen, alkyl, C,^ alkoxy, nitro ortrifluoromethyl. 

[0062] The term "pharmaceutically acceptable salt" as used herein includes those derived from pharmaceutically 
acceptable bases. Examples of suitable bases include choline, ethanolamine and ethylenediamine. Na+ K+ and Ca++ 
sate are also contemplated to be within the scope of the invention (also see Pharmaceutical salts, Birae. SM etal 
J. Pharm. Sci., (1977), 66, 1-19, incorporated herein by reference). 

Preferred embodiments 

R«: 

[0063] Preferred embodiments of the present invention include compounds of formula I as described above, wherein 
the R moiety is selected from the 2 different diastereoisomers where the 1 -carbon center has the R configuration as 
represented by structures (i) and (ii): 

Dsyn to the amide (i), or DsyntoA(ii). 

[0064] More preferably, the linker D is linked to Ri in the configuration syn to A as represented by structure (ii). 
R2; 

[0065] Preferred embodiments of the present invention include compounds of formula I as described above wherein 
the R 2 moiety is 
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wherein W Is preferably N. 

[0066] Preferably, R* is H, alkyl, alkoxy, hydroxy, chloro, or NfR 23 ^ wherein R23 i s preferably H 
alkyl. More preferably, R 21 is H or alkoxy. Most preferably, R 21 is methoxy. 

[0067J Preferably R 22 is H, thioalkyl, alkoxy, phenyl or Het selected from the group consisting of: 




[0068] Preferably, R 24 is H, alkyl, NH-R 2 *, NH-C(0)-R25; or NH-C(0)-NH-R» or NH-C(0)-OR». 
[0069J More preferably R 22 is alkoxy, phenyl or Het selected from the group consisting of: 
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[0070] More preferably, R24 is h, alkyl, NH-R25, NH-C(0)-R25; or NH-C(0)-OR2» 
[0071] Most preferabry R*2 is ethoxy, or Het selected from the group consisting of: 




[0072] Most preferably, R24a « NH-R**, NH-C(0)-R», or NH-C(0)-OR2« Most preferably, R24b is H or c ^ aIkyL 
[0073] Preferabry, each R* is independently: H, C V6 alkyl, or cycloalkyl. More preferably, R» is alkyl or 

cycloalkyl. More preferably, R25 fe alkyl. 
[0074] Preferabry, R» is C^e alkyl. 

R 3 : 

[0075] Preferred embodiments of the present invention include compounds of formula I as described above, wherein 
the R 3 moiety is preferably an amide of formula NH-CfOJ-R 32 , a urea of formula NH-CfOJ-NH-R 3 *, or a carbamate of 
formula NH-CfOJ-OR 32 . More preferably, R 3 is a carbamate or a urea. Most preferably, R 3 is a carbamate. 
[0076] Preferably, R 32 is alkyl, or cycloalkyl. More preferably, R 32 is alkyl, or cycloalkyl. Most 
preferably, R 32 is terh butyl, cyclobutyl or cyclopentyl. 

D: 

[0077] Preferred embodiments of the present invention include compounds of formula I, wherein linker D is a 6 to 8 
atom saturated or unsaturated alkylene chain. More preferably, linker D is 7 atom chain. 

[0078] Preferabry, the D chain contains one or two heteroatoms selected from: O, S, NH, N-a,_ 6 alkyl or N-C^ acyl. 
More preferably, the D chain optionally contains one heteroatom selected from: NH, or N-C^ acyl, most preferably N 
(Ac), and Is positioned at atom 1 0 of the chain. Most preferably, the chain containing a nitrogen atom is saturated. 
[0079] Alternatively, D contains one heteroatom selected from: O, or S. Preferably, when D is 7 atom in length, the 
O or S atom is at position 9 of the chain. Preferabry, this chain is substituted with R 4 , wherein R 4 is H or alkyl. 
More preferabry, R 4 is H or methyl. Most preferably, R 4 is H or 8-(S)-Me. Even most preferably, D is saturated. Alter- 
natively, D contains one double bond at position 11,12. Preferably, this double bond is trans. 
[0080] Alternatively, D is an alt carbon saturated or unsaturated alkylene chain. In this case, D is preferabry saturated 
and Is 7 atom in length. More preferably, D is substituted with R 4 , wherein R 4 Is H, oxo, thlo, hydroxy, thioaikyl, alkoxy 
or alkyl. 

[0081] More preferably, R 4 is H or alkyl. Most preferably, R 4 is H ormethyl. Most preferably, R 4 is H or 10-(S)-Me. 
[0082] Alternatively, D is an all carbon alkylene chain containing preferably one double bond and is 7 atom in length. 
More preferabry, this double bond is at position 13,14 of the chain. Most preferably, this double bond Is ds. Preferably, 
this D chain is substituted with R 4 wherein R 4 is H, oxo, hydroxy, alkoxy or alkyl. More preferably; R 4 is H or C 1-e alkyl. 
Even more preferabry, R 4 is H or methyl. Most preferably, R 4 is H or 1 0-(S)-Me. 

A: 

[0083] Preferred embodiments of the present Invention include compounds of formula I as described above, wherein 
A is a carboxyiic acid. 
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Specific embodiments: 



[0084] Preferred embodiments of the present invention include compounds of formula I as described above wherein 
R 2 is a quinoline substituent (i.e. W is N); 
5 R 3 is a group of formula -NH-CtOJ-NHR 32 or -NH-C(0)-OR» 
wherein R32 is: aikyl or cydoalkyi; 

D is a 6 to 8 atom saturated or unsaturated aikylene chain linked to R* in configuration syn to A, optionally containing 
one or two heteroatoms independently selected from: O, S or N-R 41 , wherein R 41 is acyi; 
R 4 Is H, or from one to three substituents independently selected from hydroxy or alkyl; and 
to A is a carboxylic acid, or a pharmaceutical ly acceptable salt or ester thereof. 

[00851 More preferably are compounds of formula I wherein R 1 is as defined above; R 21 is H or methoxy; 
R 22 is C 1-6 alkoxy, or Het selected from the group consisting of: 
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24b 



r2 « 



;and 

wherein ft 24 « is H r alkyl, NH-R 2 *, NH-CfOJ-R 2 *, NH-CtOJ-NH-R 25 , 
25 wherein R 2 * is: H, alkyl or cycloalkyl; 

or RZ 4 * is NH-CfOJ-OR 2 *, wherein R 2 * is alkyi or cycloalkyl; 
andR^isHorC^alkyi; 

R 3 is a urea of the formula NH-CfOJ-NHR 32 or a carbamate of formula NH-CfOJ-OR 32 , wherein R 32 is alkyl or 
^3-6 cycloalkyl; f 
D is a C7-atom saturated or unsaturated al kylene chain optionally containing one double bond at position 1 1 , 1 2 or 1 3, 1 4; 
said D chain optionally containing one heteroatom independently selected from: O, S, NH, N(Me), or N(Ac)- and ' 
R 4 is H or alkyl. 

[0086] Most preferably, are compounds of formula I wherein R 21 is methoxy, and R 22 is ethoxy or 




wherein R 24 * is NH-(C^ alkyl), NH-C(O) -(C w alkyl); or NH-CfOKKC^ alkyl),; and 
D is saturated or contains one as double bond at position 13,14. 

[0087] Finally, included within the scope of this invention are al I compounds of formula I as presented in Tables 1 to 9. 
[0088] The pharmaceutical compositions of this invention may be administered orally, parenteral^ or via an implanted 
reservoir. Oral administration or administration by injection are preferred. The pharmaceutical compositions of this 
invention may contain any conventional non-toxic pharmaceutical ly-acceptable carriers, adjuvants or vehicles. In some 
cases, the pH of the formulation may be adjusted with pharmaceutical ly acceptable acids, bases or buffers to enhance 
the stability of the formulated compound or its delivery form. The term parenteral as used herein includes subcutaneous, 
intracutaneous, intravenous, intramuscular, intra-articular, intrasynovial, intrasternaJ, intrathecal, and intralesional in- 
jection or infusion techniques. 

[0089] The pharmaceutical compositions may be in the form of a sterile injectable preparation, for example, as a 
sterile injectable aqueous or oleaginous suspension. 

[0090] This suspension may be formulated according to techniques known in the art using suitable dispersing or 
wetting agents (such as, for example. Tween 80) and suspending agents. 

[0091 ] The pharmaceutical compositions of this invention may be orally administered in any oral V acceptable dosage 
form including, but not limited to, capsules, tablets, and aqueous suspensions and solutions. In the case of tablets for 
oral use, carriers which are commonly used include lactose and com starch. Lubricating agents, such as magnesium 
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stearate, arc also typically added. For oral administration In a capsule form, useful diluents include lactose and dried 
corn starch. When aqueous suspensions are administered orally, the active ingredient is combined with emulsifying 
and suspending agents. If desired, certain sweetening and/ or flavoring and/or coloring agents may be added. 
[0092] Other suitable vehicles or earners for the above noted formulations and compositions can be found in standard 
pharmaceutical texts, e.g. in "Remington's Pharmaceutical Sciences", 19 th ed., Mack Publishing Company, Easton, 
Perm., 1995. Dosage levels of between about 0.01 and about 100 mg/kg body weight per day, preferably between 
about 0.5 and about 75 mg/kg body weight per day of the protease inhibitor compounds described herein are useful 
in a monotherapy for the prevention and treatment of HCV mediated disease. Typically, the pharmaceutical composi- 
tions of this invention will be administered from about 1 to about 5 times per day or alternatively, as a continuous 
infusion. Such administration can be used as a chronic or acute therapy. The amount of active ingredient that may be 
combined with the carrier materials to produce a single dosage form will vary depending upon the host treated and the 
particular mode of administration. A typical preparation will contain from about 5% to about 95% active compound {yvi 

Preferably, such preparations contain from about 20% to about 80% active compound. 
[0093] As the skilled artisan will appreciate, lower or higher doses than those recited above may be required. Specific 
dosage and treatment regimens for any particular patient will depend upon a variety of factors, including the activity 
of the specific compound employed, the age, body weight, general health status, sex, diet, time of administration, rate 
of excretion, drug combination, the severity and course of the infection, the patient's disposition to the infection and 
the judgment of the treating physician. Generally, treatment is initiated with small dosages substantially less than the 
optimum dose of the peptide. Thereafter, the dosage is increased by small increments until the optimum effect under 
the circumstances is reached. In general, the compound is most desirably administered at a concentration level that 
will generally afford antivirally effective results without causing any harmful or deleterious side effects. 
[0094] When the compositions of this invention comprise a combination of a compound of formula I and one or more 
additional therapeutic or prophylactic agent, both the compound and the additional agent should be present at dosage 
levels of between about 1 0 to 1 00%, and more preferably between about 1 0 and 80% of the dosage normally admin- 
istered In a monotherapy regimen. 

[0095] When these compounds or their pharmaceutical^ acceptable salts are formulated together with a pharma- 
ceutical^ acceptable carrier, the resulting composition may be administered in vivo to mammals, such as man, to inhibit 
HCV NS3 protease or to treat or prevent HCV virus infection. Such treatment may also be achieved using the com- 
pounds of this invention in combination with agents which include, but are not limited to: immunomodulatory agents, 
such as a-, p-, or yinterferons; other antiviral agents such as ribavirin, amantadine; other inhibitors of HCV NS3 pro- 
tease; inhibitors of other targets in the HCV life cycle such as helicase, polymerase, metalloprotease, or internal ribos- 
ome entry site (IRES); or combinations thereof. The additional agents may be combined with the compounds of this 
invention to create a single dosage form. Alternatively these additional agents may be separately administered to a 
mammal as part of a multiple dosage form. 

[0096] Accordingly, another embodiment of this invention provides methods of inhibiting HVC NS3 protease activity 
in mammals by administering a compound of the formula I, wherein the substituents are as defined above. 
[0097] In a preferred embodiment, these methods are useful in decreasing HCV NS3 protease activity in a mammal. 
If the pharmaceutical composition comprises only a compound of this invention as the active component, such methods 
may additionally comprise the step of administering to said mammal an agent selected from an immunomodulatory 
agent, an antiviral agent, a HCV protease inhibitor, or an inhibitor of other targets in the HCV life cycle such as helicase, 
polymerase, or metalloprotease. Such additional agent may be administered to the mammal prior to, concurrently with ] 
or following the administration of the compositions of this invention. 

[0098] In an alternate preferred embodiment, these methods are useful for inhibiting viral replication in a mammal. 
Such methods are useful in treating or preventing HCV disease. If the pharmaceutical composition comprises only a 
compound of this invention as the active component, such methods may additionally comprise the step of administering 
to said mammal an agent selected from an immunomodulatory agent, an antiviral agent, a HCV protease inhibitor, or 
an inhibitor of other targets in the HCV life cycle. Such additional agent may be administered to the mammal prior to, 
concurrently with, or following the administration of the composition according to this invention. 
[0099] The compounds set forth herein may also be used as laboratory reagents. The Applicant provides for the first 
time compounds with a low molecular weight, that are highly active and specific against the HCV NS3 protease. Some 
of the present compounds may be instrumental in providing research tools for designing of viral replication assays, 
validation of animal assay systems and structural biology studies to further enhance knowledge of the HCV disease 
mechanisms. 

[0100] The compounds of this invention may also be used to treat or prevent viral contamination of materials and 
therefore reduce the risk of viral infection of laboratory or medical personnel or patients who come in contact with such 
materials (e.g. blood, tissue, surgical instruments and garments, laboratory instruments and garments, and blood col- 
lection or transfusion apparatuses and materials). 
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Methodology 

[0101] Several ways of canying the synthesis of acyclic Intermediates of compounds of formula I are disclosed in 
WO 00/09543 and WO 00/09558. 

[0102] The compounds of the present invention are synthesized according to the general process illustrated in 
Schemes I, II and III (wherein PG is an appropriate protecting groups. [In ail schemes presented below, D' has the 
same definition as D but is 2 to 5 atom shorter]. 

[01 03] When the invention covers compounds of formula I wherein A is a N-substituted amide, vinyl-ACCA or homo- 
alryl ACCA (R 1 ) is coupled to an appropriate amine prior to the coupling to P2. Such coupling will be readily recognized 
by persons skilled in the art. As will be recognized by persons skilled in the art, such amide (A) is not protected but 
bears any relevant substituent R 5 as defined above. 

[01 04] The ring-dosing reaction (macrocyclization) is carried out by either olefin metathesis (Scheme I) or when the 
linker contains a nitrogen atom, by reductive amination (Scheme II), or by peptide bond formation Scheme III. 
[0105] Details of these processes are presented below: 

A. Macrocyclisatlon via olefin metathesis 

[0106] 



Scheme I 




D= saturated D= unsaturated 



Scheme I: 

[0107] There are several ways in which the coupling sequence can be carried out which can be easily recognized 
by persons skilled in the art. Starting with 4-(S)-hydroxyproline, the substituent at the 4-hydroxy can be incorporated 
Waa Mitsunobu reaction (as described in Mitsunobu Synthesis 1 981 , January, 1-28; Rano etaJ. Tet. Lett 1994, 36 t 
3779-3792; Krchnak etal Tet Lett. 1995, 36, 6193-6196) before or after the macrocyclization. Alternatively the as- 
sembly can be done with the required 4-(R)-hydroxy-substftuted proline as disclosed in the general processes of WO 
00/09543 & WO 00/09558 (see below for specific examples of these fragments). 

[0108] Steps A, B, C: Briefly, the PI , P2, and P3 moieties can be linked by well known peptide coupling techniques 
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and generally disclosed in WO 00/09543 & WO 00/09558. 

[0109] Step D: The formation of the macrocycle can be carried out via an olefin metathesis using a Ru-based catalyst 
such as the one reported by Miller, S.J.; Blackwell, H.E.; Grubbs, R.H. J. Am. Chem. Soc. 1996, 118, 9606-9614 (a); 
Kingsbury, J.S.; Harrity, J.P.A.; Bonitatebus, PJ.; Hoveyda, A.H. J. Am. Chem. Soc. 1999, 121, 791-799 (b) and Huang, 
J.; Stevens, E.D.; Nolan, S.P.; Petersen, J.L.; J. Am. Chem. Soc. 1999, 121, 2674-2678 (c). It will also be recognized 
that catalysts containing other transition metals such as Mo can be used for this reaction. 




Grubbs 1 catalyst Horeyda's catalyst Nolan's catalyst 



[0110] Step E: Optionally, the double bond is reduced by standard hydrogenation methods well known in the art. 
When A* is a protected carboxylic acid, it is also deprotected appropriately. 

B. Macrocyclization via reductive amination (for linkers containing N) 

[0111] When the linker contains a nitrogen atom, macrocyclization is achieved by reductive amination as shown in 
Scheme II to obtain inhibitors of general structure II. 



Scheme II 




II 



[0112] Step A: Hydroboration of the double bond following Brown's procedure (H.C. Brown and B.C. Subba Rao, J. 
Am. Che. Soa 1959, 81, 6434-6437) followed by oxidation of the resulting alcohol (for example via Dess-Martin peri- 
odinate, J. Am. Chem. Soc 1 991 , 1 13, 7277-7287) affords the corresponding aldehyde. 

[0113] Step B: Hydrogenation in the presence of acid leads to the removal of the amino protecting group followed 
by macrocyclization via reductive amination. 

[0114] The P3 unit used in this synthesis is easily obtained from a variety of amino acids, such as lysine, ornithine, 
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glutamine (after a Hofmann reaction: Ber. 1 881 , 14, 2725) and others; these synthetic modifications are methods well 
known in the art. 

[0115] Step C: Optionally, the secondary amine In the linker D (formed after step D) is alkylated with alky I halides 
or acetylated with aikyl or ary) acid chlorides using methodologies well known in the art to obtain inhibitors of general 
structure II. When A' is a protected carboxylic acid, it is also deprotected appropriately. 

C. Macrocycllzatlon via lactam formation 

[0116] Alternatively, it is understood that these macrocyclic compounds with general structure I and II can be syn- 
thesized in other ways. For example P1 and P3 can be first connected to the linker D, then coupled to P2 and the 
macrocydization reaction can be a lactam formation in two possible ways as will be recognized by persons skilled in 
the art and as shown in Scheme III. 



Scheme III 




Synthesis of P1 

[0117] The synthesis of inhibitors with general structure I and II requires the same P1 fragments: 

a) vfnyi ACCA, the synthesis and resolution of which is described in WO 00/09543 & WO 00/09558 or 

b) homoallyl ACCA (Example 1, compound 1f). 

Synthesis of P2 

[0118] Some of the P2 fragments used for the synthesis of compounds of formula I are described in WO 00/09543 
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& WO 00/09558. 

[01 1 9] Other P2 fragments are synthesized as follows: 

a. Synthesis of 2-"Hef - 4-hydroxy-7-methoxyquinoIlne derivative 

(i) Approach from the corresponding "Hef carboxylic acid IVb 

[0120] 



Scheme IV 




iVa IVD IVc ivd 



[0121] The synthesis is carried out according to a modified procedure in Li era/. J. Med. Chem. 1994, 34, 3400-3407. 
Intermediate IVa where R*t = OMe (Example 7, compound 7b) is prepared as described by Brown etal. J. Med. Chem. 
1989,32,807-826. 

[01 22] Step A: Intermediate IVa is coupled with heterocyclic carboxylic acids IVb under basic conditions with POCI 3 
to activate the carboxylate group. A variety of carboxylic acids with general structure IVb are used for the preparation 
of inhibitors; these are either commercially available, synthesized as shown in scheme V, VI and VII, or synthesized 
individually using methods described in the specific examples. 

[0123] Step B: Ring-closure, followed by dehydration is achieved under basic conditions to obtain quinolines of 
general structure IVd. 

(U). Synthesis of -Hef-carboxylic acids of general formula IVb 

Synthesis of 2-(substrtute(0-amino-4-carboxy-aminothiazole derivatives (Vc) 

[0124] The modified procedure described by Berdikhina el al. Chem. Heterocyd. Compd. (Engl. Transl ) 1991 4 
427-433 is used. 



Scheme V 




.HBr 



Va Vb vc 



[0125] A variety of 2-aikylaminothiazolyl-4-carboxylic acids, compounds of genera! structure Vc, are made using the 
general synthetic methodology outlined in Scheme V using thioureas (Va) with different allcyl substituents (R2*= aJkyl 
group) and 3-bromopyruvic acid. This type of condensation reaction is well known in the art 
[0126] Artemativery, the P2 fragment containing the 2-amino-substituted-thiazole derivatives are synthesized from 
the corresponding 2-carboxyl derivative as shown in scheme VI according to the procedure of. Unangst, P.C.; Connor 
D.T. J. Heterocyc. Chem. 29, 5, 1 992, 1 097-1 1 00. 
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(Via) (Vlb) 

[01 27] Examples of this process are disclosed in WO 00/09543 & WO 00/09558, 
Synthesis of 2-carboxy-4-substituted aminothiazole derivatives VMd 

[01 28] A variety of 4-alkylthiazolyl-2-cart>oxyiic acids, compounds of general structure VI Id, is made using the general 
synthetic methodology outlined in Scheme VII. 



Scheme VII 




6 

V« a Vllb vuc v,, d 

[0129] The procedure described by Janusz eta/. J. Med. Chem. 1998, 41, 3515-3529 is used with modifications as 
described as follows: Ethyl thiooxamate (Vila) is reacted with different p-bromoketones of general structure VI lb (R 2 *= 
alkyl group) to form thiazplyl carboxylic acids of general structure Vlld. This type of condensation reaction is well known 
in the art 

Synthesis of 2-carboxy-(substituted)-imidazole derivative (VI lib) 

[0130] A variety of alkylimidazolyl-2-carboxylic acids, compounds of general structure Vlllb, are made using the 
general synthetic methodology outlined in Scheme VIII. 

Scheme VIII 

V). _ ^OH 

Villa Vlllb 

[0131] The procedure described by Baird et a/. J. Amen Chem. Soc. 1996, 118, 6141-6146. was used: an alkyl 
imidazole is deprotonated with a strong base (e.g. nBuU) and then reacted with CO z to form the carboxylic acid Vlllb. 
This type of condensation reaction is well known in the art 
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b. Synthesis of 4~hydroxy-7-methoxy-2- (imldazolyl or pyrazolyl)qulnolines 

[0132} 4-Hydroxy-7-R2i quinolines having an imldazolyl or pyrazolyl moiety at C2 are generally prepared using the 
methodology outlined in Scheme IX. 



Scheme DC 




IXc 

[0133] The synthesis of the key intermediate, (wherein R*i = OMe) 4-benzyloxy-2-chloro-7-methoxyquinoline IXa is 
described in detail in Example 6 (compound 6e). 

[0134] Step A: At high temperatures, a variety of imidazoles, aJkyl substituted imidazoles, pyrazoies or alkyl substi- 
tuted pyrazoles can be used to displace the 2-chloro moiety of compound IXa giving compounds of general structure 
IXb. 

[0135] Step B: Upon removal of the benzyl protecting group from the 4-hydroxy mojety of the quinoline by standard 
hydrogenatlon methods, quinoline derivatives of general structure IXc are obtained. 

Synthesis of P3 

[01 36] A variety of P3 fragments are synthesized containing the appropriate D linker extension for macrocyclization 
by olefin metathesis. In general P3 units containing a terminal olefin for metathesis are synthesized following the general 
schemes shown below (Schemes X, XI & XII). 

Synthesis of Linkers in Class A 

[01 371 This general synthesis is used to make linkers that are all carbon based (no heteroatom) (Scheme X). 
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Scheme X 




[0138] The synthesis is performed according to the procedure of Evans ef al. J. Am. Chem. Soc. 1990, 112, 
4011^4030. 

[0139] The starting carboxylic acids (Xa) is commerciaJly available or is prepared by know literature procedures 
familiar to those skilled in the art 

[0140] Step A: The carboxylic acid Xa is activated with pivaloyl chloride and then reacted with the anion of Evans" 
chiral auxiliary 4(S)-4-(phenylmethyl)-2-oxa2olidinone following well known chemistry (Review: D.J. Ager ef a/. 
Aldrichirnica Acta 1997, 30, 3-11, and references therein) to obtain compounds of general structure Xb. 
[01 41] Step B: Stereoselective a-azidation with trizylazide, of a chiral imide enolate such as those which would form 
from compounds with general structure Xb in the presence of a base like KHM DS, is also well known in the art (Review: 
D. J. Ager et a!, Aldrichirnica Acta 1 997, 30, 3-1 1 , and references therein). 

[0142] Step C: Reduction of the ct-azide, catalyzed by SnCfe, is followed by protection of the amine formed as its t- 
butyl carbamate gives intermediates of general structure Xc. These reactions are also well known in the art. 
[01 43] Step D: Finally, the chiral auxiliary is hydrofyzed under basic conditions, such as a mixture of H 2 0 2 with LiOH, 
to produce the amino acid-type linkers of general structure Xe. 

[01 44] Alternatively, P3 moieties having the same general structure Xe are synthesized following de procedure de- 
scribed by M.J. Burk era/. J, Am, Chem. Soc 1998, 120, 657-663 illustrated In Scheme XI. These compounds varied 
in the number of methylene units (-CH 2 -) along the linker (m=1 to 5) and the substitution of alkyl groups at R 4 , but did 
not contain a heteroatom. 
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COOEt 

EtOOC NHAc 
XI a 



Scheme XI 
A. 



COOEt 

HOOC • NHAc 
Xlb 




O B. 




! 4 NHAc 

COOEt 



Xlc 



Xlb 



m=1-5,R*=Horalkyl 



Xfd 





Xe 



Xle 



[01 45] Step A: The monoacid compound Xlb is prepared from commercially available diethyl 2-acetamidomalonate 
by standard ester hydrolysis under basic conditions. 

[0146] Step B: KnoevenageMype condensation between an aldehyde of general structure Xlc and compound Xlb 
in the presence of a base, such as pyridine, and acetic anhydride leads to the formation of enamide intermediate Xld 
having the Z stereochemistry around the newly formed double bond as shown. 

[01 47] Step C: Regioselectfve and enantloselective catalytic hydrogenation of the enamide intermediate Xld to the 
amino acid intermediate Xle is achieved using Burk*s method. 

[0148] Step D: The nitrogen of the acetamido derivative Xle is then di-protected with the addition of a t-butyl car- 
bamate substituent before the acetate group, as well as the ethyl ester, are hydrolyzed under standard basic condition 
to obtain P3 moieties of general structure Xlf. 



Synthesis of Linkers in Class B 
General Structure of Linkers In Class B 
[0149] 



7 



NHBoc 

X^COOH Ri = H or CH, 
FL R. Rj=HorCH, 



[0150] This general synthesis is used to make linkers containing oxygen or sulfur. 
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Scheme XH 
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Xllb 




OorS 
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[01 511 Step A: Suitably protected amino acids, such Boc-(L)-serine methyl ester, Boc-(L)-threonine methyl ester or 
Boc-(L)-allothreonine methyl ester, are alkylated with allyl iodide in the presence of AggO to give the methyl ester Xllb. 
25 [01 521 Step B: Hydrolysis of the methyl ester under standard basic conditions yields the ether-type linkers of general 
structure Xllc(X=0). 

[0153] Step C: The sulfur anaJog is prepared from the same starting amino acid Xlla (appropriately protected as 

before) and its hydroxyl group is converted to a good leaving group (such as the tosylate intermediate XI Id) using 

standard methodology well known in the art 
30 [0154] Step D: The tosyl moiety is subsequently displaced with the anion of thioacetate leading to the formation of 

the thioester intermediate Xlle by inversion of the chiral center at the p-carbon. 

[0155] Step E: Hydrolysis of the thioester moiety under mild basic conditions yields the free thiol Xllf. 

[0156] Step F: Alleviation of the thiol moiety is easily achieved under basic conditions with allyl Iodide. 

[0157] Step G: Finally, the sulfide analog XI Ic (X=S) are obtained after hydrolysis of the methyl ester using standard 
35 procedures. 

Synthesis of R3 fragment: 

[01 58] Examples of synthesis of fragments wherein R 3 is NH-R 31 are disclosed in WO 00/09543. 



[01 59] The present invention is illustrated in further detail by the following non-limiting examples. Other specif ic ways 
of synthesis or resolution can be found in WO 00/09543 & WO 00/09558. 

45 [0160] Temperatures are given in degrees Celsius. Solution percentages express a weight to volume relationship, 
and solution ratios express a volume to volume relationship, unless stated otherwise. Nuclear magnetic resonance 
(NMR) spectra were recorded on a Bruker 400 MHz spectrometer; the chemical shifts (5) are reported in parts per 
million and are referenced to the internal deuterated solvent unless otherwise indicated. The NMR spectra of all final 
compounds (inhibitors) was recorded in DMSO-dg of their TFA salt unless otherwise indicated. Rash column chroma- 

so tography was carried out on silica gel (SiOjj) according to Still's flash chromatography technique (W.C. Still et al., J. 
Org. Cnem., 1978, 43, 2923). Abbreviations used in the examples include Bn: benzyl; Boc: terfbutyloxycarbonyl 
[MojCOCtO)]; BSA: bovine serum albumin; Cbz: benzyloxycarbonyl; CHAPS: 3-[(3-cholamidopropyl)-dimethylammo- 
nioJ-1-propanesulfonate; DBU: 1 ,8-diazabicydo[5.4.0]undec-7-ene; CH 2 Cl2= DCM: methylene chloride; DEAD: di- 
ethylazodicarboxylate; DIAD: diisopropylazodicarboxylate; DIPEA: diisopropylethylamine; DMAP: dimethylaminopyri- 

55 dine; DCC: 1 ,3«dicyclohexylcarbodiimide; DME: 1 ,2-dimethyoxyethane; DMF: dimethytformamide; DMSO: dimethyl- 
sulfoxfde; DTT: dithiothreitol or threo-1 ,4-dimercapto-2,3-butanediol; DPPA: diphenylphosphoryl azide; EDTA: ethyl- 
enediamlnetetraacetic acid; Et ethyl; EtOH: ethanol; EtOAc: ethyl acetate; EtgO: diethyl ether; ESMS: electrospray 
mass spectrometry; HATU: 0-(7-azabenzotriazoH-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate; HPLC: high 
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performance liquid chromatography; MS: mass spectrometry; MALDI-TOF: Matrix Assisted Laser D (sorption lonization- 
Tlme of Right, FAB: Fast Atom Bombardment; LAH: lithium aluminum hydride; Me: methyi; MeOH: methanol; MES: 
(2-[N-morpholino]ethanesulfonlc # acid); NaHMDS: sodium bis(trimethyls!lyl)amide; NMM: N-methylmorpholine; NMMO: 
N-methyimorpholine oxide; NMP: N-methylpyrrolidine; Pr propyl; Succ: 3-carboxypropanoyl; PNA: 4-nitrophenylamino 
or p-nitroanilide; TBAF: tetra-n-butylammonlum fluoride; TBME: ferf-butyl-methyl ether; ©uOK: potassium fert-butox- 
ide; TBTU: 2-(1H-ben2otria2ole-1-yl)-1 t 1 l 3,3-tetramethyluronium tetrafluoroborate; TCEP: tris(2-carboxyethyl) phos- 
phine hydrochloride; TFA: trifiuoroacetic acid; THF: tetrahydrofuran; TIS: triisopropylsllane; TLC: thin layer chroma- 
tography; TMSE: trimethylsilylethyl; Tris/HCI: tris(hydroxymethyl)aminomethane hydrochloride. 

P1 MOIETIES 

EXAMPLE 1 

Synthesis of t-butyKf/7^/?/ff5^2S>1-amlno-2-homoallylcyclopropyl carboxylate (1f): 
[0161] 




[0162] A. To a suspension of benzyltrlethylammonlum chloride (5.08 g, 22.3 mmol.) in 50% aqueous NaOH (50 mL), 
1,2-dibromo^5-hexene (1b, 8.10 g, 33.46 mmol) and di-t-butylmalonate (1a, 4.82 g, 22.30 mmol) were added in suc- 
cession. The mixture was stirred vigorously at RT for 16 h, then diluted with H 2 0 and extracted with CH 2 C!2 (3 x 50 
mL). The organic layer was further washed with H 2 0 (2 x 50 mL), brine/H 2 0 (2/1 , 2 x 50 mL, dried over MgSO^ and 
evaporated. The crude residue was purified by flash column chromatography on silica gel, using 3 to 5% EtOAc in 
hexane as the eluent, to obtain compound 1c in 38% yield (2.48 g). 

1 H NMR (CDCI3, 400 MHz): 6 1 .19 (bd, J = 7.9 Hz, 2H), 1 .25-1 .33 (m, 1 H), 1 .46 (s, 9H), 1 .48 (s, 9H), 1 .47-1 .60 (m, 
1H), 1.75-1.82 (m, 1H), 2.14-2.22 (m, 2H), 4.93-5.50 (m, 2H), 4.96 (dm, J = 10.2 Hz, 1H), 5.18 (dm, J = 17.2 Hz, 1H). 
ES(+)MSnVz297(M+H)+. 
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[0163] B. To a suspension of potassium t-butoxide (5.75 g, 51 .25 mmol) in anhydrous diethyl ether (150 mL) at 0°, 
H 2 0 was added (203 uL, 11.27 mmol) and the reaction mixture was stirred at 0° for 10 min. An ether solution of 
compound 1 c (2.48 g in 1 0 mL diethyl ether, 1 0.25 mmol) was added and the mixture was stirred at FTT for 5 h. 
[0164] The mixture was diluted with ice-cold H 2 0 and extracted with diethyl ether (3 x 200 mL). The aqueous layer 
5 was acidified to pH 3.5-4 with tee-cold 1 0% aqueous citric acid and re-extracted with EtOAc (3 x 200 mL). The EtOAc 
layer was washed with HgO (2 x 1 00 mL), brine (1 00 mL), dried over MgS0 4 and evaporated to give compound 1 d in 
85% yield based on the amount of recovered starting material. 

1 H NMR (CDC (3, 400 MHz): 8 1 .51 (s, 9H), 1 .64-1 .68 (m, 1 H), 1 .68-1 .75 (m, 1 H), 1 .77-1 .88 (m, 1 H), 1 .96-2.01 (m, 1 H), 
2.03-252 (m, 3H), 5.01 (dm, J = 6.4 Hz, 1H), 5.03 (dm, J = 14.9 Hz, 1H), 5.72^5.83 (m, 1H). 

10 ES(+)MS: mfz241 (M+H)+ 

[0165] C. To a solution of the acid 1d in anhydrous benzene (1 .14 g in 25 mL benzene, 4.74 mmol), Et 3 N (800 uL, 
5.68 mmol) was added, followed by the addition of diphenyfphosphoryl azide (1 .13 mL, 5.21 mmol) and the mixture 
was heated to reflux for 3.5 h. Subsequently, trimethylsilylethanol (1.36 mL, 9.48 mmol.) was added and stirring at 
reflux was continued for an additional 4 h. The mixture was then cooled to RT, evaporated to half of its original volume, 

is diluted with diethyl ether (30 mL) and washed with 5% aqueous NaHC0 3 (2 x 30 mL), brine (50 mL), dried over MgS0 4 
and evaporated. The residual oil was chromatographed on silica gel using 1 0% EtOAc in hexane as the eluent to obtain 
pure compound 1e in 88% yield (1 .49 g). 

1H NMR (CDCI3, 400 MHz) 6 0.03 (s, 9H), 0.91-0.99 (m, 2H), 1.18-159 (m, 2H), 1.45 (bs, 11H), 1.56-1.72 (m, 2H), 
2.02-2.18 (m, 2H) f 4.12 (t, J = 8.3 Hz, 2H), 4.93 (dm, J = 10.2 Hz, 1H), 4.98 (dm, J = 175 Hz, 1H), 5.07 (bs, 1H), 
20 5.71-5.83 (m, 1H). 

[0166] D. To a solution of the cyclopropyl derivative 1e (1 .1 9 g, 3.35 mmol, in 30 mL THF), t-Bu 4 NF (6.7 mL of 1 M 
in THF, 6.7 mmol.) was added and the mixture was first stirred at RT for 1 6 h and subsequently heated to reflux for 15 
min. The solvent was carefully evaporated under low pressure (due to the high volatility of the free amine 1f , caution 
should be exercised during the evaporation of the solvent). The crude residue was re-dissolved in EtOAc (100 mL) 
25 and washed with H z O (2x 50mL), brine (50mL), dried over MgS0 4 and again the solvent was carefully evaporated. 
[0167] The crude product 1 f ( as a mixture of two enantiomers 1f and 1 f ) was used for coupling with the P2 proline 
derivatives without further purification. Isolation of the P1 P2 fragment having the desired stereochemistry at P1 was 
easily achieved at this stage using flash chromatography (example 21, fragment 21b). 

30 P2 MOIETIES 

EXAMPLE 2 

Synthesis of Boc-4fR>£(7-methoxy-4-quinolinyl)oxy]proiine (2c): 

35 

[0168] 
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[0169] 4-Hydroxy-7-methoxyquinoline (2b) was prepared according to the method described by Chun, M.W.; Olm- 
stead, K.K.; Choi, Y.S.; Lee, CO.; Lee, C.-K.; Kim, J.H.; Lee, J. Bioorg. Med. Chem. Lett 1997, 7 t 789. A solution of 
55 compound 2b (1 .88 g, 1 0.73 mmol) and DEAD (3.4 mL, 21 .46 mmol) in anhydrous THF were added to a stirring solution 
of protected cfe-hydroxyproline 2a (2.63 g, 10.73 mmol) and triphenylphosphine (5.63 g, 21.46 mmol) in anhydrous 
THF (160 mL) at 0° under 

[0170] The reaction mixture was allowed to warm-up to RT and stir for 14 h. The THF was then evaporated and the 
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pure product 2c was isolated after flash column chromatography using 5% MeOH in EtOAc as the eluent, in 35% yield 
(t.5g). 

1 H NMR (CDCfe, 400 MHz): 5 1 .44 (s, 9H), 1 .65 (bs, 1 H), 2.34-2.43 (m, 1 H), 2.63-2.76 (m, 1 H), 3.78 (s, 3H), 3.75-3.85 
& 3.89-3.99 (2m, 1 H, 2 rotamers), 3.95 (s, 3H), 4.51 & 4.60 (2t, J = 8 Hz, 1 H, 2 rotamers), 5.15 (bs, 1 H), 6.53-6.59 (m, 
5 1 H), 7.12-7.1 8 (dd, J = 8.9 & 25 Hz, 1 H), 7.36 (d, J = 2.6 Hz, 1 H), 8.03 (bd, J = 9.2 Hz, 1 H), 8.65 (bd, J = 5.1 Hz, 1 H). 

EXAMPLE 3 

Synthesis of 2-ethoxy-4-hydroxy-7-methoxy qulnollne (3c) 

io 

[0171] 



15 




20 

[0172] The synthesis of Methyl-p-methoxyantranyiate 3a was done as described in Katz et a!. J. Org. Chem., 1953, 
18, 1380-1400. 

[01 731 general synthesis for the quinoline derivative 3c is a modification of the procedure of Baccar et at. Indian 

25 Journal of Chemistry, 1995, Sat B, 330-332. 

[01 741 A. Methyl-p-methoxyantranylate 3a (3.069 g, 1 6.96 mmol) was dissolved in triethylorthoacetate (4.7 mL, 25.4 
mmol), then a solution of anhydrous HQ (4 N/Dioxane, 50 jiL, 0.6 mmol) was added. The resulting mixture was heated 
at reflux for 1 9 hours. The volatiles were then evaporated under vacuum to give product 3b (4.92 g, amber oil, quan- 
titative yield) that was used as such for the next step. 

30 [01751 B. To a solution of the substrate 3b (assumed 16.96 mmol) in THF (34 mL) at -78°C under nitrogen, was 
added LiHMDS (1 M/THF, 22 mL, 1 ? 3 eq.). Shortly afterthe addition, the cold temperature bath was removed and the 
mixture was left to stir at ambient temperature for 1 hour, after which time, another portion of LiHMDS (16 mL) was 
added. The resulting mixture was stirred until complete disappearance of starting material (1 hour) by TLC (1 00% 
EtOAc, imidate R, = 0.7, product R, = 0.2). HCI (4 N/dioxane, 1 0 mL) was then added and the mixture was concentrated 

35 under vacuum. The resulting paste was triturated from a mixture of EtOAc (10 mL) and aqueous NaH 2 P0 4 (1 M, 1 0 
mL) and sonicated. An abundant precipitate was formed, collected by filtration, washed with water and dried to afford 
the desired product 3c as a beige solid (3.117 g, 84% yield for 2 steps, >99% purity by HPLC). 
*H NMR (400 MHz, DMSO-d) 5 (ppm): 7.88 (d, J = 8.9 Hz, 1H), 6.98 (br. s, 1H), 6.89 (br. d, J = 8.6 Hz, 1H), 5.94 (br. 
s, 1H), 4.30 (br. s, 2H), 3.84 (s, 3H), 1 .34 (t, J = 7.0 Hz, 3H). 

40 



45 
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EXAMPLE 4 

Synthesis of 4-hydroxy-7HTiethoxy-2(3-methyM f 2,4-oxadlazol-5-yl) qulnbllne (4d) 
s [0176] 



15 



20 




[01 77] A. To a solution of 2-cart>omethoxy-4-hydroxy-7-methoxyquinoIine 4a (the preparation of which is described 
in WO 00/09543 and WO 00/09558) (1 g, 4.29 mmol) in DMF (10 mL) under nitrogen was added NaH (60% in mineral 
oil, 190 mg, 4.98 mmol). The resulting mixture was stirred at ambient temperature for 1 hour, MEM chloride (455 uL, 
30 4.98 mmol) was then added dropwise and the resulting mixture was stirred at ambient temperature for an extra 1 9.5 
hours. The reaction mixture was diluted with EtOAc (100 mL), washed with H 2 0 (50 mL) p brine (50 mL), dried with 
MgS0 4 , concentrated under vacuum to afford the crude reaction isolate (1 .37 g). The latter was purified by flash column 
chromatography to afford product 4b (1 .04 g, 75% yield) as a colorless oil. 

[0178] B. To a mixture of freshly activated 4A molecular sieve (500 mg) and acetamidoxime (248 mg, 3.35 mmol) 
35 was added THF (3mL). The resulting mixture was stirred for 15 min. under nitrogen at ambient temperature, then NaH 
(60% in mineral oil; 124 mg, 3.24 mmol) was added by portions. The resulting suspension was stirred at ambient 
temperature for 1 hour, then ester 4b (500 mg, 1 .56 mmol) was added in solution In THF (5 mL). the resulting mixture 
was heated at reflux for 1 hour then filtered over Celite, rinsing with EtOAc (3 portions of 20 mL) and concentrated 
under vacuum. The resulting crude mixture was purified by flash column chromatography (100% EtOAc) to afford 
ao product 4c (352 mg, 65% yield) as a white solid. 

[0179] C. To the MEM ether 4c (170 mg, 0.493 mmol) in THF (4 mL) was added aqueous Ha (1 N, 1 mL). The 
resulting mixture was stirred at ambient temperature for 1 hour then diluted with aqueous NaH 2 P0 4 (1 M, 50 mL). The 
solid formed was filtered, triturated with EtOAc, filtered and dried to afford the desired product (4d) (90 mg, 71 % yield) 
as a white solid. MS (ES+) 258 (M-i-1), (ES-) 256 (M-1). 
45 1H NMR (400 MHz, DMSO-d) 6 (ppm): 8.03 (d, J = 9.2 Hz, 1H), 7.38 (d, J = 22. Hz, 1H), 7.06 (d, J = 8.6 Hz, 1H), 6.85 
(br. s, 1H), 3.88 (s, 3H), 2.64 (s, 3H). 
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EXAMPLE 5 

Synthesis of 4-hydroxy-7-methoxy-2(5-rnethyl-1,3 > 4-oxadiazol-2-yl) quinoline (5e) 
5 [0180] 



10 



15 



20 
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30 

[01 81J A. To substrate4b (465 mg, 1 .45 mmol) in ethanol (5 mL) was added anhydrous hydrazine (57 uL, 1 .8 mmoL). 
The resulting solution was heated at reflux for 4 h, then concentrated under vacuum to afford product 5a (704 mg, 
quantitative crude yield) as a yellow solid which was used as such in the next step. 

[0182] B. Compound 5a (assumed 1 .45 mmol) in triethylorthoacetate (5 mL) was heated at 100-110 °C under nitro- 
35 gen. The resulting mixture was then diluted with EtOAc (1 00 mL), washed with aqueous saturated NaHC0 3 (50 mL), 
brine (50 mL), dried with MgS0 4 , concentrated under vacuum and purified by flash column chromatography (1 00% 
EtOAc). Compound 5b (359 mg, 61% yield for two steps) was obtained as a yellow oil. MS (ES+) 392 (rrH-1), (ES-) 
390 (m-1). 

[0183] C. Compound 5b (333 mg, 0.852 mmol) was heated at 140 °C under high vacuum for 8.5 h and purified by 
40 flash column chromatography (100% EtOAc) to afford a mixture of 5b (116 mg, 35%, R, 0.5) and compound 5c (138 
mg, 72% corrected yield, R, 0.3). To a THF (4 mL) solution of compound 5c (138 mg, 0.4 mmol) was added aqueous 
Ha (1 N, 1 mL) and the resulting mixture was stirred until completion (30 min.). THF was evaporated under vacuum 
and aqueous NaH 2 PQ 4 (1 M, 2 mL) was added. The resulting suspension was sonicated, filtered and the solid was 
dried under high vacuum to afford the desired product 5d, (75 mg, 73% yield) as a beige solid. MS (ES+) 258 (rrn-1), 
45 (ES-) 256 (m-1). ^H NMR (400 MHz, DMSOkJ): 5 8.03 (d, J = 9.2 Hz, 1 H), 7.39 (d, J = 2.2 Hz, 1 H), 7.06 (br. d, J = 8.6 
Hz, 1H), 6.85 (br. s, 1H), 3.88 (s, 3H), 2.64 (s, 3H). 
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EXAMPLE 6 

Synthesis of 4-benzy!oxy-2-(ch!oro)- 7-methoxyqulnoline (6e) 
5 [01 B4] 




6e 6d 6c 



[0185] A. Commercially available Atefa-anisidine (25 g, 0.20 mol) in dioxane (80 mL) was cooled down to 0 °C and 
anhydrous HC! (4 N/dioxane, 75 mL, 0.30 mol) was added. Then E^O (500 mL) was added and stirring was maintained 

25 for 1 hour. The beige solid was then filtered and dried under vacuum to afford salt 6a (31 .88 g, 98% yield). 

[01 86] B. To this salt was added ethylcyanoacetate (21 .3 mL, 050 mol) and the mixture, in a flask equipped with a 
distillation head and a collecting flask, was heated to 280-300 °C. Ethanol produced was collected to monitor the 
evolution of the reaction. At 9 mL of collected ethanol (theoretical amount 11 .7 mL), heating was stopped, the reaction 
mixture cooled down to RT, diluted with water (200 mL) -EtOAc (200 mL) then stirred and aqueous NaH 2 P0 4 (300 mL) 

30 was added. After additional stirring for 1 h, filtration and drying, 6b was obtained (1 9.06 g, 84.5% purity, -50% yield) 
as a yellow solid and was used as such in the next reaction. 

[01 87] C. Compound 6b (11 .0 g, 57.8 mmol) in DMF (100 mL) at 0 °C was added to flaH (60% in mineral oil, 2.78 
g, 115.6 mmol). The ice bath was then removed and the mixture was stirred at ambient temperature for 1 h, benzyl 
bromide (7.6 mL, 63.6 mmol) was then added and the reaction mixture was stirred for 16 hours. The solution was then 

35 diluted with EtOAc (220 mL) - hexane (220 mL) and the solid formed was filtered, triturated with aqueous saturated 
NaHC0 3 (110 mL), washed with water, hexane-EtOAc (1:1 ratio, 100 mL) and dried under high vacuum. Product 6c 
(5.6 g, 91% purity, 35% yield) was thus obtained as a yellow solid. To compound 6c (2.67 g, 9.52 mmol) in acetic acid 
(21 mL) was added /soamyi nitrite (3.8 mL, 28.6 mmol) and the resulting mixture was stirred at ambient temperature 
and monitored by HPLC. More /so-amyi nitrite (1 .3 mL, 9.52 mmol) was added after 2 hours and the mixture was left 

ao to stir over 90 hours (HPLC 81% product, 3% substrate). Water (1 00 mL) was added to the resulting suspension, which 
was then filtered. The brown solid collected was dried under high vacuum giving product 6d (2.35 g, 92% purity, 72% 
yield). 

[0188] D. To compound 6d (1.5 g, 4.39 mmol) was added phosphorous oxychloride (13 mL, 141 mmol) and the 
resulting mixture was heated at reflux for 1 hour then diluted with EtOAc (150 mL) and quenched at 0 °C slowly with 
45 aqueous NaOH (1 N, 150 mL) to pH 9. The two layers were separated and the organic layer was dried with MgS0 4 
and concentrated under vacuum to afford a brown solid which was purified by flash column chromatography (15 % 
EtOAc/hexane). Product 6e (819 mg, purity > 99%, 62% yield) was obtained as a yellow solid. 
1H NMR (400 MHz, CDCI3): 8 8.07 (d, J = 9,2 Hz, 1H), 7.50-7.40 (m, 5H), 7.29 (d, J = 2.5 Hz, 1H), 7.12 (dd, J = 9.2, 
2.5 Hz, 1H), 6.73 (s, 1H), 5.26 (s, 2H), 3.92 (s, 3H). 
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EXAMPLE 7 

Synthesis of 4-hydroxy-2-(1-Imldazolyl)-7-fnethoxyqulnollne (7b); 4-hydroxy-2-(4-methyl-1-lmldazoryl}- 
7-methoxyquinoline (7d); 4-hydroxy-7-methoxy-2-(1-pyrazo[yl)quinoline (7f); and 4-hydroxy-2-(3-methyl-1 
5 pyrazolyl)-7-methoxyqulnoline (7h). 

[0189] 




OR 7h R = H 

[0190] A. Compound 6e (423 mg, 1.41 mmol) and Imidazole (400 mg, 5.88 mmol.) were heated at 110 °C for 20 h. 
The mixture was then diluted with EtOAc and washed with water and brine, dried with MgSO* concentrated under 
45 reduced pressure to afford compound 7a (422 mg, 96% purity, 90% yield) as a yellow solid. Compound 7a (31 9 mg, 
0.963 mmol) with Pd (5%/C, 64 mg) in a mixture of ethanol (5 ml_) and THF (5 mL) was purged and placed under one 
ATM. of hydrogen. After 7.5 h of stirring at ambient temperature, the reaction mixture was filtered, rinsed with a chlo- 
roform-methanol mixture, and concentrated to afford 7b (130 mg, 97.7% purity, 56% yield) as a yellow solid. MS (ES+) 
242(m+1),(ES-)240(m-1). 

so 1H NMR (400 MHz, DMSO-d): 5 8.51 (s, 1H), 8.03 (d, J = 8.9 Hz, 1H), 7.93 (s, 1H), 7.23 (d, J = 1.9 Hz, 1H), 7.15 (s, 
1H), 7.12 (dd, J = 9.2, 22 Hz, 1H), 6.92 (br. s, 1H), 3.91 (s, 3H). 

[0191] B. Compound 6e (251 mg, 0.837 mmol) and 4-methylimidazole (344 mg, 4.1 9 mmol.) were heated at 110°C 
for 20 h. The mixture was then diluted with EtOAc, washed with water and brine, dried with MgS0 4 , and concentrated 
under reduced pressure to afford a crude containing a 10:1 mixture of 4-methyl and 5-methylimidazoryl isomer respec- 
55 tively. The major assumed desired isomer 11c, a white solid, (1 66 mg, 99% purity, 57% yield) was separated from a 
second more polar fraction (76 mg, 23% yield) containing a mixture of 4- and 5-methyl imidazolyl isomer by flash 
column chromatography (100% EtOAc). Compound 7c (163 mg, 0.472 mmol) with Pd (5%/C, 33 mg) in a mixture of 
ethanol (2.4 mL) and THF (5 ml_) was purged and placed under one ATM. of hydrogen. After 1 8 h of stirring at ambient 
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temperature, the reaction mixture was filtered, rinsed with a chloroform-methanol mixture, and concentrated to afford 
76 (11 8 mg, 99% purity, 98% yield) as a white solid. 

iH NMR (400 MHz, DMSO-d): 5 8.42 (br. s, 1H), 8.01 (d, J = 9.2 Hz, 1H), 7.64 (br. s, 1H), 751 (br. s, 1H), 7.10 (d, J 
= 8.9 Hz, 1 H), 6.89 (br. s, 1 H), 3.90 (s, 3H), 2.20 (s, 3H). 

[0192] C. Compound 6e (1 84 mg, 0.614 mmol) and pyrazole (209 mg, 3.07 mmol.) were heated at 1 1 0 °C for 1 7 h. 
The mixture was then diluted with EtOAc and washed with aqueous NaOH (1 N) and brine, dried with MgS0 4 , con- 
centrated under reduced pressure to afford a crude product which was purified by flash column chromatography (2 : 
1 hexane-EtOAc) to afford 7e (103 mg, 50% yield) as a pale yellow solid. Compound 7e (103 mg, 0.311 mmol) with 
Pd (5%/C, 20 mg) In a mixture of ethanol (2 mL) and THF (2 mL) was purged and placed under one atm. of hydrogen. 
After 5.5 h of stirring at ambient temperature, the reaction mixture was filtered, rinsed with a chloroform-methanol 
mixture, and concentrated to afford 7f (77 mg, 99% purity, 99% yield) as a yellow solid. MS (ES+) 242 (m+1), (ES-) 
240 (m-1). 

*H NMR (400 MHz, DMSO-d): 5 8.72 (d, J = 2.5 Hz, 1H), 8.31 (s, 1H), 8.00 (d, J = 8.9 Hz, 1H), 7.83 (br. s, 1H), 7.43 
(br. s, 1 H), 7.24 (br. s, 1 H), 7,1 0 (d, J = 8.6 Hz, 1 H), 6.59 (br. s, 1 H), 3.90 (s, 3H). \ 
[01 93] D. Compound 6e (21 7 mg, 0.724 mmol) and 4-methypyrazole (594 mg, 7.24 mmol.) were heated at 1 1 0 °C 
for 23 h. The mixture showing a 1 : 1 mixture of debenzylated compound 7h and benzylated product 7g was then 
diluted with EtOAc (2-3 mL) and filtered to afford the pure debenzylated product 7h (111 mg, 95% purity, 54% yield) 
as a white solid. 

1 H NMR (400 MHz, DMSO-d): 5 8.58 (d, J = 2.6 Hz, 1 H), 7.98 (d, J = 9.2 Hz, 1 H), 7.25 (br. s, 1 H), 7.20 (s, 1 H), 7.04 
(br. d, J = 92 Hz, 1 H), 6.38 (s, 1H), 3.89 (s, 3H), 2.30 (s, 3H). 

EXAMPLE 8 

Synthesis of 4-hydroxy-7-methoxy-2[4(2-lsopropylaminothia2olyl)] quinoline (8f) 

25 

[0194] Note: [A variety of 2-alkylaminothiazoryl substituents were made using the same synthetic scheme where 
compound 8b was replaced by other alkyl thioureas.] , 
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[0195] A. The protocol used for the conversion of m-anisidine to 8a was identical to that described in the literature: 
F.J. Brown era/. J. Med. Chem. 1989, 32 , 807-826. However, the purification procedure was modified to avoid purifi- 
cation by chromatography. The EtOAc phase containing the desired product was treated with a mixture of MgSO* 
charcoal and 5% w/w (based on expected mass) silica gel. 
45 [0196] After filtration on cellte, the product was triturated with ether. Compound 8a was obtained as a pale brown 
solid in >99% purity (as confirmed by HPLC). 

[01 971 B. A suspension of Isopropyl thiourea (8b, 3.55 g, 30 mmo!) and 3-brornopyruvic acid (8c, 5 g, 1 eq.) in dioxane 
(300 ml_, 0.1 M) was heated to 80 °C. Upon reaching 80 °C the solution became clear and soon after the product 
precipitated as a white solid. After 2 hours of heating, the solution was cooled to RT and the white precipitate was 

so filtered to obtain compound 8d in high purity (>98% purity as confirmed by NMR) and 94% yield (7.51 g). 

[01 98] C. A mixture of the carboxylic acid 8d (4.85 g, 1 8.2 mmol) and the aniline derivative 8a (3 g, 1 eq.) in pyridine 
(150 ml_, 0.12 M) was cooled to -30 °C (upon cooling, the clear solution became partially a suspension). Phosphorus 
oxychloride (3.56 ml, 2.1 eq.) was then added slowly over a 5 min period. The reaction was stirred at -30 °C for 1 h, 
the bath was removed and the reaction mixture was allowed to warm-up to FTT. After 1 .5 h the reaction mixture was 

55 poured into ice, the pH was adjusted to 11 with aqueous 3N NaOH, extracted with CHgCfe, dried over anhydrous 
MgSO^, filtered and concentrated under vacuum. The beige solid was then purified by flash chromatography (45% 
EtOAc In hexane) to give compound 8e as a pale yellow solid in 73% yield (6.07 g). 

[0199J D. A solution of tBuOK (2.42 g, 21 .6 mmol) in anhydrous tBuOH (40ml, 0.14 M, distilled from Mg metal) was 
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heated to reflux. Compound 8e (1 .8g, 5.4 mmol) was added portion-wise over 5 min and the dark red solution formed 
was stirred at reflux for an additional 20 mln (completion of the reaction was monitored by HPLC). The mixture was 
cooled to FTT and HCI was added (4 N in dioxane, 1 .5 eq.). 

[0200] The mixture was then concentrated under vacuum, in order to assure that ail of the HCI and dioxane were 
5 removed, the product was re-dissolved twice in CH 2 CI 2 and dried under vacuum to finally obtain the HCI salt of com- 
pound 8f as a beige solid (1.62 g, 93% pure by HPLC). The product was then poured into a phosphate buffer (1N 
NaH 2 P0 4 , pH=~4.5) and sonicated. The beige solid was filtered and dried under vacuum to give compound 8f (1 .38 
g, 81% yield) as a beige solid (91% pure by HPLC). 

1H NMR (400 MHz, DMSO) 5 8.27 (s, 1 H), 8.12 (d, 1H, J = 9.2 Hz), 7.97 (br.s, 1H), 7.94 (s, 1 H), 7.43 (s, 1 H), 7.24 (dd, 
10 1 H, J = 9.2, 2.2 Hz), 3.97 (m, 1 H), 3.94 (s, 3H), 1 54 (d, 2H, J = 6.4 Hz). 

EXAMPLE 9 

Synthesis of 4-hydroxy-7-methoxy-2P(4-i8opropylthlazoryl)]qulnoline (9f). 

15 

[0201 J Note: A variety of 2-(4-alkyl)-thiazolyl substituents were made using the same synthetic scheme where com- 
pound 9b was replaced by other a-bromoketones. 
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[0202] A. To a solution of 3-methyl-butan-2-one (8 g, 93 mmol) in MeOH (1 00 mL) at -30 °C, Br 2 (4.79 ml, 93 mmol, 
1 eq.) was added dropwise over a period of 45 min. The resulting mixture was then stirred at RT for 90 min. Pentane 
was added and the solution washed with 5% aqueous NaHC0 3 , the organic layer was dried over anhydrous N^SO* 

so filtered and concentrated under vacuum. The resulting crude yellow oil, compound 9b, was used without further puri- 
fication. A solution of ethyl thiooxamate (9a, 1 .8 g, 1 3.5 mmol) and bromoketone derivative 9b (13.5 mmol.) was stirred 
at 70 °C for 15 h. The mixture was then concentrated under vacuum and subsequently purified by flash column chro- 
matography, using 15% EtOAc in hexane as the eluent, to obtain compound 9c (740 mg, 28 % yield). 
[0203] B. A solution of compound 9c (700 mg, 3.5 mmol) in THF/MeOH/H 2 0 (3:1:1 ratio, 13 mL) was treated with 

55 . LiOH H 2 0 (148 mg, 3.5 mmol, 1eq.) at RT for 5 h. The pH was then adjusted to 6 with 0.1 N HCI and the mixture was 
concentrated to dryness under vacuum to obtain the acid 1 3d, which was used directly in the next step without further 
purification. 

[02041 C. A solution of 4-methbxy-2-amino-acetophenone (intermediate 8a, 570 mg, 3.45 mmol) and carboxylic acid 
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derivative 9d (590 mg, 3.45 mmol, 1 eq.) in pyridine (30 mL) was cooled to -20 °C. POCI3 (0.35 ml, 3.79 mmol, 1 .1 eq.) 

was then added dropwise over a period of 5 min. The resulting solution was stirred at -1 0° C for 2 h. The reaction was. 

quenched with the addition of H 2 0 and the mixture was concentrated under vacuum. The residue was poured in a 

saturated aqueous solution of NaHC0 3 and extracted with EtOAc. The organic layer was dried over anhydrous MgSO^ 
s filtered and concentrated under vacuum. The crude product was purified by flash column chromatography, using 

25%EtOAc in hexane as the eluent, to give compound 9e as a white solid (740 mg, 67% yield). 

[0205] D. tBuOK (518 mg, 2.1 eq.) was added to a suspension of compound 9e (700 mg, 2.2 mmol) In anhydrous 

tBuOH (11 mL). The resulting mixture was heated to 75 °C for 7J5 h, the solution was then cooled to FTT and acidified 

with the addition of HCI (4N HCI in dioxane, 2.5 mL). The mixture was concentrated under vacuum and the residue 
10 obtained was poured into a solution of 1N NaH 2 TO 4 and filtered. The solid materiai was then triturated with a small 

amount of EtOAc, filtered and dried under vacuum to obtain compound 9f as a pale beige solid (270 mg, 41% yield). 

1 H NMR (400 MHz, DMSO-de) S 8.00 (br. s, 1 h), 7.60 (br. s, 1 H), 7.51 (br. s, 1 H), 7.43 (br. s, 1 H), 7.29 (br. s, 1 H), 7.1 4 

(br. s. 1H), 6.95 (br. a, 1H), 3.90 (s, 3H), 3.15 (m, 1H), 1.33 (d, J=5.4 Hz, 6H). 

is EXAMPLE 10 

Synthesis of 4-hydroxy-2(1-methyl-2-lmldazoryl)-7-methoxyquinoline (10d) 
[0206] 

20 




[0207] A. A solution of N-methylimidazole 10a (5g, 61 mmol) in 1 00 mL THF was cooled at -78° C. n-BuLi (24.4 ml 
of a ZSM/E^O solution, 1 eq.) was added dropwise over 15 min. The resulting mixture was stirred 90 min. at -78° C 
then poured portionwise over excess solid C0 2 . The heterogeneous mixture was stirred 2 h and allowed to reach RT. 
45 in HCI was added to pH 5, the aqueous layer is separated and lyophilized. The residue thus obtained was extracted 
with EtOAc (to remove salts), dried (Na^O^, filtered and concentrated under reduced pressure. 6.2 g (80% yield) of 
a white solid 1 0b was obtained. 

[0208] B. A solution of 4-methoxy-2-amino-acetophenone 8a (394 mg, 2.39 mmol) and the carboxylic acid derivative 
10b (301 mg, 1eq.) in pyridine (10 ml) was cooled to -20° C. POCI3 (244 uJ, 1 .1 eq.) was then added dropwise over 5 

so min.. The resulting solution was stirred at -1 0 °C for 2.5 h. Water was then added and the mixture was concentrated 
under reduced pressure. The residue was poured in a saturated solution of NaHC0 3 and extracted with EtOAc. The 
organic phase was dried (MgSO^, filtered and concentrated under reduced pressure. The product was purified by 
chromatography using silica gel (25% EtO Ac/Hex) affording 530 mg (81 % yield) of a pale yellow solid 1 0c. 
[0209] C. tBuOK (431 mg 2.1 eq.) was added to a suspension of the substrate 10c (500 mg, 1 .8 mmol) in 8 ml of 

55 tBuOH. The resulting mixture was then heated to 75°C for 7 h. The solution was aJlowed to reach room temperature 
overnight and 2.5 ml of Ha (4N/dioxane) was added. The mixture was concentrated under reduced pressure and the 
residue obtained was diluted with EtOAc. NaOH 1 N was added until a pH of 7 was obtained. The organic phase was 
separated and dried (MgSO^, filtered, and concentrated under reduce pressure to afford 145 mg of tOd (31% yield) 
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as a pale beige solid. 1 H NMR (400 MHz, DMSO-d): 8 7.99 (d, J = 8.9 Hz, 1 H), 7.49 (s, 1 H), 7.37 (s, 1 H), 7.1 8 (s, 1 H), 
6.92 (d, J = 8.9 Hz, 1 H), 6.31 (s, 1 H), 3.87 (s, 3H), 3.84 (s, 3H). 

EXAMPLE 11 

Synthesis of 4-hydroxy-2(1-pyrroryl)-7-methoxyquinoline (11b) 
[0210] 



15 




[021 1 J A. A solution of the substrate 11a (obtained from compound 6c after hydrogenorysis of the benzyl group with 
20 5% Pd/C in ethanol-THF) (1 g, 5.25 mmol) and 2,5-dimethoxytetrahydro furan (0.68 ml, 1 eq.) in glacial acetic acid was 
refluxed for 4.5 h and allowed to reach RT. The mixture was then concentrated under reduced pressure. The residue 
was diluted with methanol and NaOH(aq.) 1 N was added until pH 7 is reached. The product was purified by chroma- 
tography using silica gel (3%MeOH/CH 2 CI 2 , the residue was pre-adsorbed on silica gel). 140 mg (13% yield) of 11b 
as a white solid was obtained. 

25 1 H NMR (400 MHz, DMSO-d): 6 7.98 (d, J = 9.2 Hz, 1 H), 7.64 (s, 2H), 7.1 8 (d, J = 2.5 Hz, 1 H), 7.05 (br. d, J = 7.9 Hz, 
1H), 6.88 (br. s, 1H), 6.32 (s, 2H), 3.90 (s, 3H). 

EXAMPLE 12 

30 Synthesis of 4-hydroxy-7-methoxy-2-(6-methy l-2-py ridy i)q u i no li ne (1 2d) 
[0212] 




55 [021 3] A. 6-Methylpicolinic acid 1 2a (41 1 mg, 3.0 mmol) and SOCfe (0.520 mL, 7.2 mmol, 2.4 eq.) were refluxed in 
benzene (5 mL) for 2 h. "me solvent and excess SOCI 2 were removed from the reaction mixture under vacuum and 
the residue was triturated with pentane. The solid material formed was filtered off and the filtrate concentrated to give 
the acid chloride 12b (500 mg, 2.6 mmol). 
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[0214] B. To a solution of the crude acid chloride 12b in CH 2 Cl2 (5 mL) at 0°C, a solution of the aniline 8a (344 mg, 

2.08 mmol), DIPEA (1.45 mL, 8.35 mmol) and DMAP (61 mg, 0.5 mmol) in CHjjClg (10 mL) was added. The reaction 
mixture was stirred a RT for 1 6 h. The volatile components were removed under vacuum, the residue was dissolved 
in EtOAc and the solution was washed with 5% NaHC0 3 (2x), H 2 0 and brine. The organic layer was then dried over 

5 MgS0 4 and concentrated under vacuum. The mixture was purified by flash column chromatography, using EtOAc/ 
hexane (1:2) as the eluent, to obtain the amide 12c (490 mg, 82%). 

[0215] C. To a suspension of amide 12c (490 mg, 1 .71 mmol) in t-BuOH (1 0 mL), tBuOK (41 0 mg, 3.43 mmol) was 
added and the mixture was stirred at 75 °C for 6 h and then at RT for 16 h. The mixture was then poured in phosphate 
buffer (1 75 mL, pH= 7) and stirred for 30 min. The solid was triturated twice with ethyl acetate. 
io [0216] The organic phase was washed with brine, dried over MgS0 4 and concentrated under vacuum. The solid 
obtained was triturated with EtOAc to give the quinoline derivative 12d (263 mg, 58%). 1 H NMR: (CDCIg, 400 MHz): 
8 2.68 (s, 3 H), 3,94 (s, 3 H), 6.85-6.88 (2d, J= 8.68 & 9.5 Hz, 2 H), 6.94 (dd, J = 8.9 & 2.2 Hz, 1 H) f 7.27 (dd, J= 6.7 & 

1.9 Hz, 1 H), 7.73-7.79 (m, 2 H), 8.28 (d, J = 8.9 Hz, 1 H), 10.3 (br s, 1 H). 

15 EXAMPLE 13 

Synthesis of 4-hydroxy-7-methoxy-2-(5-methoxy-2-pyridyl)quInolIne (13d) 
[0217] 

20 



25 



30 



35 



AO 




13d OH 



[0218] A. To a solution of compound 13a (623 mg, 3.73 mmol) in MeOH, NaOH (2M, 4.70 mL) was added and the 
reaction mixture was stirred at RT for 2 h. The solution was then acidified with HCI (6N, 2.2 mL) and concentrated to 

45 obtain compound 13b, which was used in the following step without purification. 

[0219] B. To a solution of the crude compound 13b (-3.73 mmol) in pyridine (25 mL), the aniline 8a (500 mg, 3.03 
mmol) was added and the solution was cooled to -25 °C before POCI3 (0.35 mL, 3.73 mmol) was added. The reaction 
mixture was stirred at -1 0°C for 1 h and then at 0°C for 2 h. The mixture was then poured onto HgO and extracted with 
EtOAc (2-3x). The combined organic layers were washed with 5% NaHCO a and brine, dried over MgS0 4 and concen- 

50 trated under vacuum. The crude material was purified by flash column chromatography, using EtOAc/ hexane (1 :2) as 
the eluent, to give the amide 13c (617 mg, 55%). 

[0220] C. To a suspension of the amide 13c (617 mg, 2.05 mmol) in anhydrous t-BuOH (10 mL), tBuOK (490 mg, 
4.11 mmol) was added and the mixture was stirred at 75°C for 6 h and then at RT for 1 6 h. The reaction mixture was 
poured in phosphate buffer (1 75 mL, pH= 7) and stirred for 30 min. The solid material formed was filtered and triturated 
55 with EtOAc to give the quinoline derivative 13d (250 mg, 43%). *H NMR: (DMSO, 400 MHz): 5 3.86 (s, 3 H), 3.94 (s, 
3 H), 6.72 (bs, 1 H), 6.91 (dd, J = 8.9 & 1 .9 Hz, 1 H), 7.54 (d, J = 1 .9 Hz, 1 H), 7.60 (dd, J = 8.9 & 2.9 Hz, 1 H), 7.97 
(d, J = 8.9 Hz, 1 H), 8.21 (d, J = 8.6 Hz, 1 H), 8.48 (d, J = 1 .9 Hz, 1 H). 
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EXAMPLE 14 



Synthesis of 4-hydroxy-7-methoxy-2-(oxazol-5-yl) qulnoline (14c): 



[0221] 



o 



o 




A 



H 




OMEM 



OMEM 



14a 




OH 



OMEM 



14b 



14c 



[0222] A. The protected quinoline derivative 4b from Example 4 (3.B g, 1 1 .8 mmol) was dissolved in CH 2 CI 2 (60 mL) 
and cooled to -78 °C before diisobutylaluminum hydride (7.9 mL, 1 equiv., 1 ,5M in toluene) was added very slowly over 
15 min. After stirring for 80 min, an additional amount of DIBAL was added (5.5 mL, 0.7 equiv., 1.5 M in toluene). After 
stirring at -78 °C a further 2 h, the reaction was carefully quenched with methanol (4 mL) at -78 °C and then poured 
into aqueous solution of Rochelle salt (1 N K-Na tartrate). The thick paste was stirred with CHjjCfe (300 mL) for 2 h until 
clear. The phases were separated and the organic phase dried (MgSO^, filtered and concentrated to give a white 
solid. Purification by flash chromatography (Si0 2 , 230-400 mesh) with 50% EtOAc /hexane gave aldehyde 14a as a 
white solid (2.5g, 73%). 

[0223] B. To a stirred suspension of KgCC^ (48 mg, 0.34 mmol) in MeOH (7 mL) was added toluenesulphonylmeth- 
ylisocyanide (66 mg, 0.34 mmol). The reaction was heated to 45 °C and aldehyde 14a (0.1 0 g, 0.34 mmol) was added. 
The reaction mixture was heated to 80 °C for 16 h and then concentrated to dryness under vacuum. Purification was 
performed by flash chromatography (Si0 2l 230-400 mesh) to afford the desired oxazole 1 4b (0.089 g, 80%). MS: 331 .0 
(M + H) + . 

[0224J C. The MEM protected hydroxyquinoline 14b was dissolved in THF (3 mL) and treated with aqueous HCI (1 N, 
1 mL). The reaction was stirred for 30 min at RT before being concentrated to dryness under vacuum. The residue 
was treated with phosphate buffer (3 mL, 1 N solution, pH 4.5) and stirred before the product was filtered out, washed 
with distilled water and dried overnight under high vacuum (60 °C, 16 h). The desired hydroxy quinoline 14c was 
obtained as a tan colored solid (0.065 g, 1 00%). MS: 242.9 (M + H)+ 



1 H NMR (DMSO-de): 68.65 (s, 1H), 8.02 (bs, 1H) ( 7.97 (d, J = 8.9 Hz, 1H), 7.19 (s, 1H), 6.93 (d, J = 7.9 Hz, 1H), 6.42 
(bs, 1 H), 3.87 (s, 3H). ES (+) MS: nVz 242.9 (M + H) + . 
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PEPTIDE LINKER MOIETIES (P3) 
EXAMPLE 15 

5 Synthesis of (2S)-N-Boc-amlno-non-8-enolc acid (15g) 
[0225] 



w 



15 



COOEt Dtoxane-NaOH(IN) coOEt 

EtOOC^NHAc a ^HOOC NHAc 
(15a) («b) 



20 
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SO 
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NaJ0 4 
HP 



fxx, 

(15b) { 



(S,S>a-DUPHOS (1/500) 
BOH 

NHAc HjPOPSI) 



COOEt D. 




(15f) 
>99%ee(GC) 
P I 1)BO(y3,DMAP t 7HF 



l2)U0KHp 





(15g) 



[0226] A. To a solution of commercially available diethyl 2-acetamidomalonate 15a (100 g, 0.46 mole) in dioxane 
(500 mL) was added aqueous sodium hydroxide (1 M, 1 eq., 460 mL) dropwise over 30 to 45 min. The resulting mixture 
was left to stir for 1 6.5 h, then dioxane was evaporated in vacuo, the aqueous solution was extracted with three portions 
of 300 mL of ethyl acetate and acidified to pH 1 with concentrated HCI. This solution was left to crystaljize in an ice- 
water bath. After the appearance of a few crystals, the mixture was sonicated and an abundant precipitate appeared. 
Filtration and drying under vacuum afforded compound 15b, (62.52 g, 72% yield) as a white solid. 
[0227] B. To a magnetically stirred emulsion of commercially available 7-octene-1 ,2-diol 15c (25 g, 0.1 73 mole) and 
H2O (1 00 mL), in a 1 L round bottom flask, an aqueous solution of sodium periodate (40.7 g, 0.1 90 moles, 1 .1 eq., in 
475 mL H 2 0) was added over a period of 20 min (slightly exothermic). The resulting mixture was stirred at room 
temperature for an additional 1 h (completion of reaction confirmed by TLC). The mixture was then decanted in a 
separatory funnel and the aqueous layer was separated from the organic layer. The aqueous solution was saturated 
with NaQ, decanted and separated from the organic fraction once more. The two organic fractions were combined, 
dried with sodium sulfate and filtered over a cotton plug (in a Pasteur pipette) to give compound 1 5d (1 5.1 35 g, colorless 
oil, 78% yield): The aqueous solution was extracted with CH 2 CI 2 , dried with anhydrous MgS0 4 , and concentrated under 
vacuum (without heating, heptanal b.p.153°C) to obtain an additional amount of compound 15d (1 .957 g, colorless oil, 
10% yleid). Total yield 88%. 

[0228] C. To solid ethyl 2-acetamidomalonate 15b (7.57 g, 40 mmol.) was added 6-heptenal 15d (4.48 g, 40 mmol) 
in solution in pyridine (32 mL, 1 0 eq) over 1 min. The resulting solution was cooled in a 1 0° C bath and acetic anhydride 
(12 mL, 3.2 eq.) was added over 4 min. The resulting orange solution was stirred for 3 h at RT and another portion of 
ethyl 2-acetamidomalonate 1 5b (227 g) was added. The resulting mixture was stirred at room temperature for an extra 
11 h. Ice (60 mL) was then added and the solution was stirred fort.5 h, then the mixture was diluted with 250 mL of 
water ancTextracted with two portions of ether. The etheral solution was washed with 1N HCI, sat. NaHCO^ dried 
NagSO^ concentrated and purified by flash chromatography (EtOAc 40% / hexane) to give compound 15e (4.8g, 50% 
yield) as a pale yellow oil. 

[0229] D. To a degassed (argon bubbling for 30 min.) solution of Z-ethyl 2-acetamido-2,8-nonadienoate 1 5e (8.38g, 
35 mmol) in dry ethanol (70 mL) was added (S.S)- Et-DUPHOS Rh(COD)OTf (51 mg, S/C = 496). The mixture was put 
under 30 psi of hydrogen (after 4 vacuum-H 2 cycles) and stirred on a Parr shaker for 2 h. The resulting mixture was 
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evaporated to dryness to obtain the crude compound 1 5f , which was used in the subsequent step without purification. 
[0230] E. To a solution of crude (S)-ethyl 2-acetamido-8-nonenoate 15f (7.3 g, 30.3 mmol) in THF (1 00 ml_), B0C2O 
(13.2 g, 2 eq.) and DMAP (740 mg, 0.2 eq) were added, and the reaction mixture was heated at reflux for 2.5 h. 
Subsequently, most of the THF solvent was evaporated, the crude mixture was diluted with CH 2 CI 2 and washed with 
5 1 N HCI in order to remove the DMAP. The organic layer was further extracted with saturated aqueous NaHC0 3 , dried 
with anhydrous Na^C^ and concentrated under vacuum. The crude product was then diluted with THF (50 ml_) and 
water (30 ml_), LiOH.H 2 0 (2.54 g, 2 eq.) was added and the resulting mixture was stirred at RTT for 25 h (completion 
of the hydrolysis was confirmed by TLC). 

[0231] The reaction mixture was concentrated under vacuum to remove most of the THF solvent and diluted with 
10 CHgClg. The resulting solution was washed with 1 N HCI, dried with anhydrous NagSC^ and concentrated under vac- 
uum. In order to remove minor impurities and excess BoCgO, the crude product was purified by flash chromatography 
(using a solvent gradient from 100% hexane -100% EtOAc as the eluent). The titled compound 15g was obtained in 
high purity as a pale yellow oil (5.82 g, 71 % yield). 1 H NMR (DMSO, 400 MHz): 6 7.01 (d, J = 8 Hz, 1 H), 5.79 (tdd, Jt 
= 6.7 Hz, Jd = 1 7.0,1 0.2 Hz, 1 H), 5.00 (md, Jd = 1 7.0 Hz, 1 H), 4.93 (md, Jd = 1 0.2 Hz, 1 H), 3.83 (m, 1 H), 2.00 (q, J = 
15 6.9 Hz, 2H), 1 .65-1 .5 (m, 2H), 1 .38 (s, 9H), 1 35-1 .21 (m, 6H). 

EXAMPLE 15A 

Alternative synthesis of (2S)-N-Boc-amino non-8-enoic acid (15g): 

20 

[0232] 




[0233] A. To a stirred suspension of finely cut Mg ribbons (0.55 g, 22.5 mmol) in dry THF (30 mL) containing dibro- 
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moethane (0.1 mL), 8-bromo-1-octene (15h, 2.52 ml_ t 15 mmol) was added dropwise over a period of 15 min, [the 
reaction is slightly exothermic]. After 30 min, the mixture was heated to 38° for 1 h and then cooled to -78° before it 
was added via a cannula onto an excess amount of solid CO z . The mixture was diluted with diethyl ether (1 00 mL) 
and the sol ution was washed with brine (2 x 50 mL), dried over MgS0 4 and evaporated. A crude oil was obtained which 
5 was purified by chromatography on silica gel using 15% EtOAc in hexanes as the eluent to give compound 151 in 62% 
yield(1.44g). 

1 H NMR (CDCI3, 400 MHz) 8 1.31-1.42 (m, 6H), 1.60-1.69 (m, 2H), 2.02-2.09 (m, 2H), 2.35 (t, J = 8.3 Hz, 2H), 4.99 
(dm, J = 10.0 Hz, 1H), 5.04 (dm, J = 17.0 Hz, 1H), 5.75-5.86 (m, 1H). 

[0234J B . To a vigorously stirring solution of the carboxylic acid 1 5i (1 .36g, 8.7 mmol) in anhydrous THF (70 mL) at 
10 -78°, freshly distilled EtjN (1 .6 mL; 1 1 .3 mmol) and pivaloyl chloride (1.18 mL, 9.58 mmol) were added via a syringe 
under anhydrous conditions. The mixture was stirred at -78° for 15 min and then at 0° for 45 min. 
[0235] The mixture was cooled again to -78° and then transferred via a cannula into an anhydrous solution of 4(S)- 
4-(phenylmethyl)-2-oxazolidinone lithium salt in THF at -78°; the lithium salt of the oxazolidinone reagent had been 
previously prepared by the slow addition of n-BuLi (2.00 M in hexanes, 7.85 mL, 1 5.7 mmol) into a THF (20 mL) solution 
is of the oxazolidinone (2.78g, 1 5.7 mmol) in THF at -78°. 

[0236] The reaction mixture was stirred at -78° for 15 min then at RT for 1.5 h. Finally, it was quenched with an 
aqueous solution of sodium bisulfate (100 mL of 1 M) and the THF evaporated to % of its initial volume. The residue 
was extracted with EtOAc (2 x 150 mL) and the mixed organic layers were washed with 5% NaHCO a (3 x 50 mL), 
brined (2 x 50 mL), dried over MgS0 4 and evaporated. The resulting crude oil was chromatographed on silica gel, 
20 using 1 5% EtOAc in Hexanes to obtain compound 1 5] in 68% yield (1 .88g). 

1 H NMR (CDCI3, 400 MHz) 6 1.35-1.47 (m, 6H), 1.67-1.74 (m, 2H), 2.02-2.09 (m, 2H), 2.65 (dd, J = 13.4 & 9.9 Hz, 
1H), 2.84-3.02 (m, 2H), 3.31 (dd, J = 13.4 & 3.2 Hz, 1H), 4.13-4.22 (m, 2H), 4.62-4.71 (m, 1H), 4.93 (d, J = 10.2 Hz, 
1H), 5.00 (dd, J = 17.2 & 1.6 Hz, 1H), 5.75-5.84 (m, 1H), 7.18-7.38 (m, 5H). 

[0237] C. To a stirred solution of KHMDS (0.8 M THF, 22 mL, 1 7.5 mmol) in dry THF (50 mL) at -78° was cannulated 
25 a solution of the acid derivative 15J (3.25g, 1 0.30 mmol) in dry THF (40 mL) at -78°. The mixture was stirred at -78° 
for 45 min. To this mixture, a solution of trizylazide (3.67g, 11 .85 mmol) in dry THF (40 mL) at -78° was added. The 
mixture was stirred at -78° for 3 min then quenched with acetic acid (5 mL). Subsequently, it was stirred at RT for 1 h 
and 45 min and finally at 40° for 15 min. Most of the THF was evaporated. The residue was taken into EtOAc (100 
mL) and the organic solution washed with H 2 0 (50 mL), 5% NaHCO a (3x 50 mL) and brine (50 mL), (MgSO^ and 
30 evaporated. The oil obtained was chromatographed on silica gel using Hexane/CH 2 C1 2 (1/1) as the eluent to give 
compound 15k (2.47g, yield 67%). 

1 H NMR (CDCI3, 400 MHz) 5 1.32-1.45 (m, 6H), 1.45-1.6 (m, 1H), 1.75-1.88 (2, 2H, rotamers), 2.01-2.11 (m, 2H), 
2.82-2.87 (m, 1 H), 3.33 (dd, J = 1 3.4 & 3.2 Hz, 1 H), 4.1 0-4.28 (m, 2H), 4.62-4.72 (m, 1 H), 4.90-5.05 (m, 3H), 5.73-5 .88 
(m, 1H), 7.17-7.38 (m,5H). 

35 [0238] D. To a stirred solution of anhydrous SnCfe (2.61 g, 13.8 mmol) in anhydrous MeOH (80 mL), a solution of 
the azide 15k (2.45 g, 6.9 mmol) was cannulated at 0° in anhydrous MeOH (20 mL). The mixture was stirred at RT for 
4 h. The MeOH was evaporated and the foamy material obtained was taken into dioxane/H 2 0 (100 u.L/20 u.L) and 
treated with Boc^O (3.0 g, 1 3.8 mmol) and NaHC0 3 (2.89 g, 34.5 mmol) (pH adjusted to 8 with more NaHC0 3 if needed) 
and the mixture was stirred at RTfor 16 h. Part of the dioxane was evaporated (-50%) and the residue was extracted 

40 twice with EtOAc. The organic solution was washed with brine (2 x 50 mL), dried and evaporated. The residue obtained 
was chromatographed on silica gel using 20-25% EtOAc in hexane as eluent to give the compound 1 51 (1 .75 g, yield 
60%). 

1 H NMR (CDCI3, 400 MHz) 6 1.27-1.53 (m, 6H), 1.46 (s, 9H), 1.80 (m, 1H), 2.00-2.08 (m, 1H), 2.80 (t, J » 12.1 Hz, 
1H), 3.34 (d, 14.3 Hz, 1H), 4.17-453 (m, 2H). 4.60-4.66 (m, 1H), 4.93 (d, J = 10.2 Hz, 1H), 5.05 (dd, J = 17.2 & 1.9 

45 Hz, 1H), 5.13 (bs, 1H), 5.38-5.43 (m, 1H), 5.74-5.84 (m, 1H), 7.22-7.36 (m, 5H). 

[0239] E. To a stirred solution at 90° of the N-Boc derivative 151 (1 .74 g, 4.04 mmol) in THF/r-feO (75 mL/15 mL), 
H 2 0 2 (30% v/w, 2.05 mL, 1 6.2 mmol) and UOH.H 2 0 (0.34 g, 8.1 mmol) were added and the solution was stirred at 0° 
for 1 h. The reaction was quenched with Na2S0 3 (254 g in i-^O, 1 5 mL, 1 7.8 mmol). The pH was adjusted to 4-5 with 
1 0% aqueous citric add and the mixture diluted with EtOAc. The aqueous fraction was extracted once more with EtOAc 

so and the organic solution was washed twice with brine, dried and evaporated. The residue was chromatographed on 
silica gel using 20% hexane in EtOAc as the eluent to give the free carboxylic acid 15g (0.76 g, yield 70%). This 
compound was identical in all respects to the one obtained in example 15. 



55 
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EXAMPLE 16 

Synthesis of (2S)-N-Boc-amlno-5-oxo-nor>-8-enolc acid methyl ester (16d): 
[0240] 



BocHN^^CO^ 
16c 




16d 

[0241J This synthesis is based on methodology by T. Tsuda et al., J. Am. Chem. Soc., 1980, 102, 6381 -6384. 
[0242] A. To a well stirred solution of the monoallyl ester of malonic acid (1 .50 g, 1 0.4 mmol) in dry THF under N 2 
(20 mL) at -78° n-Bu 2 Mg (0.9M/hexane, 5.8 ml_, 5.2 mmol) was added dropwise over a period of 5 min. The heavy 
suspension was then stirred at RT for 1 h and evaporated to dryness (vacuum release under Ng). The solid Mg salt 
16b, was dried under vacuum for 1 h. Glutamic acid derivative 16a was first mixed with 1 > 1 , -carbonylidiimidazole (1 .65 
g, 1051 mmol) in anhydrous THF and the mixture was stirred at RT for 1 h in order to activate the free acid moiety. 
Subsequently, the activated glutamic acid derivative was cannulated into a solution of the Mg salt 1 6b and the reaction 
mixture obtained was stirred at RT for 16 h. It was then diluted with EtOAc and the organic solution was washed with 
0.5 N ice-cold HCI, brined, dried and evaporated. The residue obtained was chromatographed on silica gel using 
35-40% EtOAc in hexane as eluent to give compound 1 6c (1 .85 g, yield 53%). 

1 H NMR (CDCI 3 , 400 MHz) 8 1.44 (s, 9H), 1 .85-1 .95 (m, 1H), 2.12-2.22 (m, 1H), 2.58-2.74 (m, 2H), 3.48 (s, 2H), 3.74 
(s, 3H), 4.24-4.34 (m, 1 H), 4.52 (dm, J = 5.7 Hz, 2H), 5.09 (m, 1 hi), 5.25 (dm, J = 1 0.2 Hz, 1 H), 5.34 (dm, J = 1 7.2 Hz, 
1H), 5.91 (m, 1H). 

[0243] B. To a stirred solution of tetrakis (triphenylphosphine) Pd (0) (0.116 g, 5 mol %, 0.1 mmole) in dry DMF (7 
mL) was added (via a siring and under a N 2 atmosphere) the diester 16c (0.687 g, 2 mmol) in dry DMF (3 mL). The 
mixture was stirred at RT for 3.5 h. The DMF was evaporated under reduced pressure and the residue diluted with 
EtOAc (20 mL). The EtOAc solution was washed with 0.5 N ice-cold HCI (5 mL), brine (10 mL), dried and evaporated. 
The residue was chromatographed on silica gel using 15-20% EtOAc in hexane as eluent to give compound 16d (0.253 
g, yield 42%). 

1 H NMR (CDCI3, 400 MHz) 6 1.44 (s, 9H), 1.84-1.94 (m, 1H), 2.08-2.22 (m, 1H), 2.33 (dd, J = 14.0 & 7.3 Hz, 2H), 
2.45-2.55 (m, 4H), 3.74 (s, 3H), 4.28 (bm, 1H), 4.98 (dm, J = 10.2 Hz, 1H), 5.03 (dm, J = 17.2 Hz, 1H), 5.00-5.10 (m, 
1H), 5.74-5.85 (m, 1H). 



BocHN^.COjCHj 
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EXAMPLE 17 

Synthesis of (2S,5/7)-N-Boo2-amlno-5-methyl-non-8-enoIc acid (17f) 
5 [0244] 



10 



15 



20 




A,B,C,D 




2)BoCjO 
CH, DMAP.THF 
NHBoc SJUOKHjO 



17f 



IJPh^PCH^f" 
CH. KHMDS 
NHAc PhCH/THF 



Nal0 4 
THF/HjO 



17o 



CO^Et 



17d 



NHAc 
CO^t 
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[0245] A,B,C,D. Commercially available (R)-(+)-crtronellal 17a was first converted to the amino acid derivative 17b 
following the same synthetic steps as those previously described in Example 15 for the conversion of aldehyde 15d 
to amino acid intermediate 1 5f. 

[0246] E. Compound 17b (0.675 g, 5.6 mmol) was dissolved in a mixture of tBuOH/acetone/H 2 0 (1 :1 :1 ,1 8 mL) and 
placed In an ice bath (0°C). NMMO (0.789 g f 6.74 mmol, 1 .2 eq.) and Os0 4 (2.5% w/w in tBuOH, 0.7 mL, 0.067 mmol., 
0.012 eq) were added consecutively and the reaction mixture was stirred at RT for 4 h. Most of the acetone was 
removed by evaporation under vacuum and then the mixture was extracted with EtOAc. The organic layer was further 
washed with H 2 0 and brine, dried over anhydrous MgS0 4 and evaporated to dryness. The diol 17c was obtained in 
high purity after flash column chromatography using 1% EtOH in EtOAc as the eluent in 77% yield (0.575 g). 
[0247] F. To a solution of diol 1 7c (0.575 g, 1 .73 mmol) in THF/H 2 0 (1 :1 , 20 mL) at 0°C, Nal0 4 (0.48 g, 2.25 mmol, 
1 .3 eq.) was added and the reaction mixture was stirred at RT for 3.5 h. Most of the THF solvent was subsequently 
removed by evaporation under vacuum and the remaining mixture was extracted with EtOAc (2x1 OOmL). The combined 
organic layers were further washed with 5% aqueous citric acid solution (2x20 mL), 5% aqueous NaHC0 3 (20 mL) 
and brine (2x50 mL), then the EtOAc solution was dried over anhydrous MgS0 4 and evaporated to dryness under 
vacuum. The aldehyde intermediate 1 7d (0.47 g of crude product) was used in the next step without further purification. 
[0248] G. To a solution of Ph 3 PCH 3 Br (925 mg, 2.6 mmol) in anhydrous toluene (15 mL), KHMDS (0.5M in toluene, 
5.2 mL, 2.6 mmol) was added and the yellow suspension formed was stirred at RT for 30 min under IM 2 . After that 
period, the suspension was first cooled to 0°C, a solution of the aldehyde 17d (0.47 g 1 .73 mmol, dissolved in 15 mL 
of anhydrous THF) was added via a syringe and the mixture was allowed to warm-up to RT. After stirring at FIT for 1 
h, most of the THF was removed by evaporation under vacuum, EtOAc (1 00 mL) was added to the mixture and the 
organic layer was washed with H 2 0 (30 mL), 5% aqueous NaHC0 3 (30 mL) and brine (30 mL). The EtOAc solution 
was then dried over anhydrous MgS0 4 and evaporated to dryness under vacuum. Pure compound 17e was isolated 
after purification by flash column chromatography on silica gel, using hexane:EtOAc (3:2) as the eluent, in 63% yield 
(0.29 g) for the two last steps. 

[0249] The hydrolysis of the ethyl ester and simultaneous exchange of the N-acetyl protecting group for a Boc in 
intermediate 1 7e to obtain compound 1 7f was earned put using the same procedure as that reported for the conversion 
of compound 15f to 15g (17f, 310 mg, quantitative). 1 H NMR (CDOj, 400 MHz): 6 0.88 (d, J=6.4 Hz, 3H), 1 .18-1 .28 
(m, 2H), 1.35-1.48 (m, 3H), 1.45 (s, 9H), 1.64-1.74 (m, 1H), 1.81-1.89 (m, 1H), 1.94-2.12 (m, 2H), 4.28 (bd, J=~3.2 
Hz, 1H), 4.93 (dm, J=11.1 Hz, 1H), 5.00 (dm, J=16.8 Hz, 1H), 5.74-5.84 (m, 1H). 
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EXAMPLE 18 

Synthesis of AWoc-O-alryHLMhreonlne (18d) 
5 [0250] 



10 



15 



nmboc NHBoc 



18a 18b 18c 

18d 



[0251] A. Boc-(L)-threonine 18a (500 mg, 2.28 mmol) was partially dissolved In CH 2 Cl2/MeOH (8 mL/0.5 mL, re- 
20 spectively) at 0°C. A solution of diazom ethane in diethyl ether was slowly added until the yellow color persisted, indi- 
cating the presence of excess diazomethane. Upon evaporation of the solvents, crude methyl ester 18b was obtained 
as a cloudy white oil (0.534 g). 

[0252] B. Intermediate 18b (311 mg, 1 .33 mmol) was then dissolved in anhydrous diethyl ether (8 mL), Ag^O was 
added (341 mg, 1 .47 mmol) and freshly activated 4A molecular sieves (1 g). Finally, allyl iodide (1 34 uL, 1 .47 mmol) 
25 was added to the reaction flask and the mixture was stirred at reflux. Two more portions of allyl iodide (45 uL, 0.50 
mmol, each time) were added after a period of 20 h and 30 h, and stirring was continued for a total of 36 hours. Then 
the mixture was filtered through celite and purified by flash column chromatography on silica gel, using EtOAc/hexane 
(1 :4) as the eluent, to give 73 mg (27% yield) of compound 1 8c as a clear oil. 

1 H NMR (CDCI 3 , 400MHz): 5 1 .21 (d, J=6.0 Hz, 3H), 1 .45 (s, 9H), 3.75 (s, 3H), 3.82-3.87 (m, 1H), 3.99-4.07 (m, 2H), 
so 4.29 (dd, J=9.5&2.5 Hz, 1H), 5:14 (dm, J=10.5 Hz, 1H), 5.21 (dm, J=17.2 Hz, 1H), 5.75-5.84 (m, 1H). 

[0253] C. The ester compound 18c (99 mg, 0.362 mmol) was dissolved in a mixture of TH F/M eO H/H 2 0 (2:1 :1 ,4 mL) 
and LjOH-h^O (61 mg, 1 .45 mmol) was added. The solution was stirred at RT for 2 h, and was then acidified with 1 N 
HCI to pH —3 before the solvents were removed under vacuum. The resulting oil, compound 18d was used as such 
for the synthesis of macrocyclic inhibitors. 

35 
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EXAMPLE 19 

Synthesis of (2S, 3S)-N-Boc-2-amlno-3(mercaptoallyl)butanolc acid (19e) 
5 [0254] 

O 

BocHN^CO^ 1)CHjN, BocHN^C0 2 CH, fl BocHN^CO^H, 



10 



15 



20 



2)Tsa,Py | S ~ K * I O 



HO 

19a ^ 19b 19c 



1) 0.2 M NaOH. 1.5 h 

2) ally) iodide 



BocHN^CO^ 0 .2MNaOH.24H BocHN^C^CH, 

H,C^ S _ 




19d 

[0255] A. Compound 19a (9.1 mmol) was dissolved in pyridine (5 mL) and the solution was cooled to 0°C in an ice 
bath, tosyl chloride (2.3 g, 11 .8 mmol, 1.3 eq.) was added in small portions and the reaction mixture was stirred at RT 
for 24 h. After that period, the reaction mixture was partitioned between diethyl ether (300 mL) and H 2 0 (1 00 mL). The 
ether layer was further washed with 0.2N HCI (6x1 00 mL) and brine (1 00 mL), dried over anhydrous MgSO^ filtered 
30 and concentrated to dryness under vacuum. Purification of the crude material by flash column chromatography, using 
hexahe/EtOAc (gradient from 8:2 to 7:3 ratio) as the eluent, led to the isolation of tosyl derivative 19b in 85% yield 
(3.05 g). 

[0256] B. To solution of Intermediate 19b (775 mg, 2 mmol) in anhydrous DMF (2.5 mL), potassium thioacetate (365 
mg, 3.2 mmol, 1 .6 eq.) was added and the reaction mixture was stirred at RT for 24 h. Most of the DMF was then 
35 evaporated under vacuum and the remaining mixture was partitioned between EtOAc and H 2 0. The aqueous layer 
was re-extracted with EtOAc, the combined organic layers were washed with brine, dried over anhydrous MgS0 4 and 
evaporated to dryness. Purification of the crude material by flash column chromatography using hexane/EtOAc (4:1 
ratio) as the eluent, led to the isolation of compound 19c in 80% yield (465 mg). 

[0257] C. To a solution of thioester 1 9c (465 mg) in H 2 0/EtOH (3:5 ratio, 8 mL), an aqueous solution of 0.2M NaOH 
40 (2.4 mL) was added and the mixture was stirred at RT for 1 .5 h. Ally) iodide (0.292 mL, 3.2 mmol, 2 eq.) was then 
added and stirring was continued at RT for an additional 30 min. The reaction mixture was concentrated to half of its 
original volume and then extracted with EtOAc. The aqueous layer was acidified to pH=~3 with cold aqueous 0.5N 
HCI and re-extracted with EtOAc. The combined organic layers were washed with brine, dried over anhydrous MgS0 4 
and evaporated to dryness under vacuum. The crude reaction mixture contained at least four products; all of the prod- 
45 ucts were isolated after flash column chromatography on silica gel, using hexane/EtOAc (gradient from 9:1 to3:1 ratio). 
The structure of the least polar compound (TLC R f = 0.68 in hex/EtOAc 4:1 ) corresponded to the desired product 1 9d 
(83 rng, 18% yield). 

1 H NMR (CDCI3, 400 MHz): 8 1 .24 (d, J=7.0 Hz, 3H), 1 .46 (s, 9H), 3.13-3.1 9 (m, 2H), 3.24-3.29 (m, 1 H), 3.77 (s, 3H), 
4.50 (dd, J=8.6 & 3.8 Hz, 1H), 5.12 (d, J=12.4 Hz, 1H), 5.15 (dd, J=18.4 & 1.3 Hz, 1H), 5.22 (bd, J=7.6 Hz, 1H), 
so 5.75-5.85 (m, 1H). 

[0258] D. A solution of the methyl ester 1 9d (83 mg, 0.287 mmol) in MeOH/H 2 0 (3:1 , 4 mL) was mixed with aqueous 
NaOH (0.2 N, 1 .3 mL, 0.26 mmol) for 24 h at RT and for 1 h at 40 6 C. The reaction mixture was acidified with cold 
aqueous HCI (0.5 N HCI, at 0 °C, pH=4-5), the MeOH was removed under vacuum and the remaining aqueous mixture 
was extracted with EtOAc. The organic solution was dried over MgS0 4 and evaporated to dryness in order to obtain 
55 compound 1 9e. Compound 1 9e was used for the final synthesis of inhibitors without any further purification. 
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EXAMPLE 20 



Synthesis of (S)-N-Boc-2-amIno-3-methyl-3(1-mercapto-4-butenyl)butanoIc acid (20c) 



5 [0259] 



10 




COjH 




A 



H,C< 




20a 



Br 



LIOH 

20b 20c 



15 



[0260] A. L-Penicillamine 20a (448 mg, 3 mmol) was dissolved in DMF/DMSO (5:1 ratio, 6 mL), 4-bromopentene 
(0146 mL, 4.5 mmol, 1.5 eq.) and CsOH»H 2 0 (1 .Og, 6mL, 2 eq.) were added and the reaction mixture was stirred at 
RT. After 24 h f BocgO (820 mg, 3.75 mmol, 1.25 eq.) was added to the mixture and stirring was continued for an 

20 additional 12 h. The DMF was subsequently removed under vacuum, the remaining mixture was diluted with cold 
aqueous 0.5N HCI adjusting the pH=~ 4-5 and then extracted with EtOAc (2x50 mL). The organic layer was washed 
with brine (2x), dried over anhydrous MgS0 4 and evaporated to dryness to give the crude carboxylic acid 20b. 
[0261] B. Purification of 20b turned out to be difficult, thus the crude product was first treated with diazomethane to 
form the corresponding methyl ester 20c, and then purified by flash column chromatography, using hexane/EtO Ac (9: 

/25 1 ) as the eluent, to obtain 1 90 mg (20% yield) of the pure methyl ester 20c. 

*H NMR (400 MHz, CDCI3): 6 1.35 (s, 3H), 1.37 (s, 3H), 1.44 (s, 9H), 1.59-1.67 (m, 2H), 2.11-2.17 (m, 2H), 2.51-2.60 
(m, 2H), 3.74 (s, 3H), 4.29 (d, J= 8.6 Hz, 1H), 4.98 (dm, J=10.5 Hz, 1H), 5.03 (dm, J=19 Hz, 1H), 5.35 (bd, J=7 Hz, 
1H), 5.72-5.83 (m, 1H). 

[0262] C. The ester was subsequently dissolved in THF/MeOH/H 2 0 (2:2:1 , 5mL), LiOH»H 2 0 (50 mg, 2.0 mmol, 2 
30 eq.) was added and the reaction mixture stirred at 40° C for 4 h to hydrolyze the ester 20c back to the acid 20b. The 
reaction mixture was acidified with 0.5N HCI to pH=4-5, the THF and MeOH were evaporated to dryness and the 
remaining aqueous solution was extracted with EtOAc. The EtOAc layer was dried over anhydrous MgS0 4 , and evap- 
orated to dryness to give compound 20b, which was used in the subsequent synthesis of macrocyclic inhibitors without 
further purification. 



ACYCLIC DIPEPTIDE AND TRIPEPTIDE INTERMEDIATES 

[0263] The general procedure for coupling reactions done in solution and specific examples thereof are described 
in WO 00/09543 and WO 00/09558. 
40 [0264] These procedures have been used for the synthesis of the intermediate dipeptides 26c, 30a and tripeptides 
23a, 24a, 31a, 32a, and 33a. 
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EXAMPLE 21 

Synthesis of acyclic trlpeptide 21 e 
5 [0265] 




[0266] A. To a solution of the proline derivative 21 a (prepared from commercially available Boc-4(fl)-hydroxyproline 
and 4^chk>ro-quinoline as described in WO 00/05543 and WO 00/09558) (1 .32 g, 3.68 mmol) and the crude homoallyl 

35 ACCA 1f (-3.35 mmol) in CHgCfe (1 0 mL), NMM (1 .21 mL, 1 0.05 mmol) and HATU (1 .53, 4.02 mmol) were added In 
succession and the suspension was stirred at RT for 1 8 h. After that period, the solvent was evaporated and the crude 
reaction mixture was redissorved in EtOAc (30 mL). The solution was washed with 5% aqueous NaHC0 3 (2x10 mL), 
brine (10 mL), dried over MgS0 4 and evaporated. The crude product was purified my chromatography on silica gel 
using 8% diethyl ether in EtOAc as the eluent to obtain the desired diastereomer of compound 21b in 20% yield (the 

40 absolute stereochemistry was not determined). 

1 H NMR (CDCI3, 400 MHz): 5 0.93 & 1 .01 (t, J = 8.3 Hz, 1H, rotamers in ratio of 3:7), 1.14-1 .35 (m, 2H), 1 .44 (s, 9H), 
1 .45 (s, 9H), 1 .50-1 .82 (m, 4H), 2.08-2.24 (m, 2H), 2.32 (bs, 0.7H), 2.63 (bs, 0.75H), 2.93 (bs, 0.75H), 3.16 (m, 0.25H), 
3.77 (bs, 1 .5H), 3.88 (bs, 0.5H), 4.4-4.55 (m, 1 H), 4.98 (d, J = 1 02 Hz, 1 H), 5.03 (dd, J = 1 7.2 & 1 .6 Hz, 1 H), 5.24 (bs, 
1H), 5.75^5.88 (m, 1H) t 6.57 & 6.78 (2bs, 1H, 2 rotamers), 7.42-7.58 (m, 3H), 7.63-7.73 (m, 2H), 8.04 (d, J = 8.3 Hz, 

45 1H), 8.11 (d, J = 8.3 Hz, 1H), 8.74 (d, J = 5.1 Hz, 1H). 

[0267] B. To a solution of the dipeptide 21 b (137 mg, 0.248 mmol) in dry CH 2 Cl2, a solution of HCI in dioxane (4M, 
4 mL) was added and the mixture was stirred at FTT for 1 .5 h. The solvent was then evaporated and the residue dried 
under high vacuum to give the free amino acid. The mixture was dissolved in diethyl ether/MeOH (3 uL/2 u.L) and 
treated with a slight excess of diazomethane dissolved in diethyl ether. After 30 min, the excess diazomethane was 

so destroyed with the addition of HCI (4M In dioxane) and the mixture was evaporated to dryness to obtain the HCI salt 
of compound 21c which was used in the next step without any purification. 

[0268] C. To a stirred suspension of the crude dipeptide 21c (0.23 g, 0.48 mmole) in CH 2 CI 2 (25 mL) was added in 
succession the (2S)-N-Boc-amino-hept-6-enoic acid 21d (0.151 g, 0.62 mmol), NMM (210 u.L, 1.91 mmol) and HATU 
(0.236 g, 0.62 mmole) and the mixture was stirred at RT for 1 6 h (the pH was adjusted to -8 with NNM after 1 h if 
55 needed). The CH^Cfe was evaporated, the residue taken into EtOAc (50 mL) and the organic solution washed with 5% 
NaHCOa (2 x 20mL), brine (2 x 20mL), dried and evaporated. The crude compound obtained was chromatographed 
on silica gel (50 mL, 2% EtOH/EtOAc) to give compound 21e (0.1 39 g, yield 46%). 

1 H NMR (CDCI3, 400 MHz, rotamers in 6:1 ratio) chemical shifts of major rotamer 5 1.21-1,27 (m, 1H), 1.36 (s, 9H), 
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1 .45-1 .81 (4m, 7H), 2.20-2.22 (m, 4H), 2.28-2.37 (m, 1 H), 2.90-2.99 (m, 1 H), 3.66 (s, 3H), 3.94-3.98 (m, 1 H), 4.29 (bd, 
J = 9.9 Hz, 1H), 4.46-4.50 (m, 1H), 4.81 (dd, J = 8.3 & 5.4 Hz, 1H), 4.92-5.06 (m, 4H), 5.16 (d, J = 8.3 Hz 1H), 5.37 
(m, 1 H), 5.70-5.84 (m, 2H), 6.82 (d, J = 5.1 Hz, 1 H), 7.47-7.55 (m, 2H), 7.71 (dt, J = 7.0 & 1 .3 Hz, 1 H), 8.03 (d, J = 8.6 
Hz, 1H), 8.17 (d, J = 8.0 Hz, 1H), 8.78 (d, J = 5.1 Hz, 1H). 

5 

MACROCYCLIC PEPTIDES 
EXAMPLE 22 

10 General procedure for macrocyciizatlon via olefin metathesis 

[0269] In all cases, the tri-peptide diene was dissolved in CHgCJg at a concentration of 0.01 M and the solution was 
deoxygenated by the bubbling of argon (~1 h for a volume of 500 mL). A solution of catalyst (5-30 mol %, dissolved 
in a small amount of degassed CHgCy is added and the reaction mixture is refiuxed until ail starting material was 

is converted to produces) as indicated by TLC and H PLC. The crude reaction mixtures were subsequently concentrated 
to near dryness and filtered through a short pad of silica gel, eluting first with CH 2 Cl2 to remove most of the catalyst 
and then with EtOAc in order to elute all of the macrocyciic produc(s) (most of the time as a single diasterepmer). The 
crude produces) from each reaction is analyzed by chiral HPLC on a CHIRALCEL OJ-R column (purchased from Chiral 
Technologies Inc, 0.46 $ x 1 5 cm), using an Isocratic solvent mixture of 70% H 2 0 + 0.06% TFA - 30% CH 3 CN + 0.06% 

20 TFA at 205 nm. The major macrocyciic product(s) was fully characterized by: 1 H, COSY, TOCSY, and ROESY NMR 
data in order to confirm its structure and stereochemistry. 

EXAMPLE 23 

25 Synthesis of macrocyciic intermediate (23b) 

[0270] 




[0271] A solution of diene 23a (4.0 g, 7.88 mmol) in dry CHgClg (800 mL, Aldrich-anhydrous) was deoxygenated by 
bubbling Ar for 2 h. Hoveyda's catalyst (262 mg, 0.434 mmol, 5.5 mol %) was then added as a solid and the reaction 
was refiuxed under an Ar balloon. After 28 h, the red-orange solution was evaporated to an amorphous solid and then 

45 purified by flash column chromatography over silica gel. 

[0272] The initial solvent system was 10% EtOAc in CHgC^. Once the catalyst was eluted from the column, the 
solvent was changed to pure EtOAc. Elution of the catalyst from the column was evident from its color. The macrocyciic 
product 23b was isolated as a colorless foam which was re-dissolved in CHgClg/hexane (—1 2). 
[0273] Evaporation of the solvent afforded a white powder (3.362 g, 89% yield). 

so IH NMR (CDCI3, 400 MHz): 5 1 .20-1 .50 (m, 6H), 1 .43 (s f 9H), 1 .53 (dd, J = 9.5 & 5.4, 1 H), 1 .61 -1 .70 (m, 1 H), 1 .76-1 .90 
(m, 2H), 2.05-2.26 (m, 4H), 2.45 (d, J = 14.3.1H), 3.67 (s, 3H), 3.71 (d, J = 11.1, 1H), 3.90 (dd, J = 11.1 & 4.3, 1H), 
4.43-4.53 (m, 2H), 4.76 (d, J = 8.6, 1 H), 4.86 (bd, J = 9.8, 1 H), 5.20-5.23 (m, 2H), 5.57 (dt, J = 7.0 & 9.8,1 H), 7.32 (bs, 1 H). 
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EXAMPLE 24 

Synthesis of macro cyclic Intermediate (24b): 
5 [0274] 



[0275] A solution of diene 24a (2.76 g, 3.82 mmol) In anhydrous CH 2 CI 2 (600 ml_, anhydrous) was deoxygenated 
by bubbling Ar for 1 .5 h. A solution of Hoveyda's catalyst (117 mg, 0.19 mmol, 0.05 eq) in anhydrous and degassed 
CH 2 CI 2 (8 mL) was added via cannula and the reaction was stirred at reflux under an Ar balloon. 

25 [0276] After 20 h, the reaction mixture was approximately 50% completed, at which point a second portion of catalyst 
was added (117 mg) and the stirring was continued for an additional 16 h. The solution was then concentrated to ~ 
1 00 mL, applied to the top of a pad of silica gel (6x10 cm) and the catalyst was first recovered by eiuting with Ch^C^. 
Compound 24b was washed off the pad of silica with 3% MeOH in EtOAc and re-purified by flash column chromatog- 
raphy using EtOAc/hexane (2:1) to obtain 70% yield of a slightly olive-tinted white solid (1 .85 g, 94% pure by HPLC). 

30 1H NMR (400 MHz, DMSO-cy 6 8.69 (s, 1H), 8.13 (d, J = 9.2 Hz, 1H), 7.50-7.44 (m, 2H), 7.17 (dd, J = 9.2, 2.2 Hz, 
1H), 7.04 (d, J = 6.4 Hz, 1H), 5.60-5.56 (m, 1H), 5.52 (dd, J = 9.2 Hz, 1H), 5.25 (dd, J = 9.2 Hz, 1H), 4.59 (d, J = 11 
Hz, 1H), 4.44 (dd, J = 9.2 Hz, 1H), 4.05-3.98 (m, 1H), 3.94 (s, 3H), 3.92 (s, 3H), 3.89^3.82 (m, 1H), 3.55 (s, 3H), 
2.64-2.53 (m, 1H), 2.46 (d, J = 7.3 Hz, 1H), 2.40-2.31 (m, 1H), 2.21 (dd, J = 8.9 Hz, 1H), 1.78-1.65 (m, 2H), 1 .55 (dd, 
J = 4.8 Hz, 1H), 1.485 (dd, J = 4.8 Hz, 1H), 1.41-1:30 (m, 7H), 1.16 (s, 9H). MS; es+: 795.4 (M + H)+ 
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EXAMPLE 25 

Synthesis of compound 202 & 203 (Table 2) 
5 [0277] 



10 



15 



20 



25 



30 




compound 202 



[0278] A. The diene compound 21e (0.130 g, 0.205 mmol) was cyclized using catalytic amounts of bls-(tricyclohex- 
ylphosphine) benzylidene ruthenium IV dichloride (Grubb's catalyst, supra) (52 mg, 0.064 mmol) in CHgCfe (60 mL) 
35 under reflux for 2 h to give after chromatography on silica gel (50 mL, 3% EtOH/EtOAc) compound 25a (60. 1 mg, yield 
48%). 

1 H NMR (CDCI 3 , 400 MHz) 5 1.22-1.30 (m, 2H), 1.35 (s, 9H), 1.44-2.35 (m, 13H), 3.07-3.14 & 3.16-3.24 (2m, 1H, 
rotamers in 1:3 ratio), 3.69 (s, 3H), 3.96-4.04 (m, 1H0, 4.42^.50 (m, 1H), 4.95-5.04 (m, 1H), 5.05-5.15 (m, 1H), 
5.20-5.30 (m, 1 H), 5.55-5.65 (m, 1 H), 6.75-6.79 (2d, J = 5.4 Hz, 1 H, rotamers in 1 :3 ratio), 7.36 (s, 1 H), 7.46-7.50 (m, 

40 1H), 8.03 (d, J = 8.3 Hz, 1H), 8.13 & 8.17 (2d, J = 8.0 Hz, 1H, rotamers in 1:3 ratio), 8.77 (d, J = 5.1 Hz, 1H). 

[0279] B. The ester moiety of the macrocycllc compound 25a (0.01 56 g, 0.026 mmol) was hydrolyzed with UOH*H 2 0 
(8.7 mg, 0.206 mmol) in THF/MeOH/H 2 0 (4 mL tZ mL 12 mL ). The crude product was purified by C1 8 reversed phase 
HPLC on a Whatman (Partisii 1 0.0DS3) 50/2.4 cm column using a solvent gradient from 5% aqueous CH 3 CN to 1 00% 
CH3CN to obtain pure compound 202 as an amorphous white solid (11.8 mg). 

45 1H NMR (DMSO, 400 MHz): 5 1.12 (s, 9H), 1.20-1.24 (m, 2H), 1.32-1.40 (m, 3H), 1.58-1;62 (m, 2H), 1.68-1.78 (m, 
3H), 1.95-2.02 (m, 1H), 2.08-2.18 (m, 2H), 2.42-2.59 (m, 2H), 3.97^.00 (bd, J = 9.8 Hz, 2H), 4.47 (t, J = 8.6 Hz, 1H), 
4.58 (d, J = 11 .8 Hz, 1 H), 552-5.29 (m, 1 H), 5.46-5.54 (m, 1 H), 5.66 (s, 1 H), 7.1 2 (d, J = 6.0 Hz, 1 H), 7.49 (d, J = 3.5 
Hz, 1 H), 7.68 (dd, J = 7.3 Hz, 1 H), 7.98 (dd, J = 7.0 Hz, 1 H), 8.08 (d, J = 8.3 Hz, 1 H), 8.21 (s, 1 H), 8.35 (d, J = 8.3 Hz, 
1H), 9.08 (d, J = 5 Hz, 1H). 

so [0280] C. The macrocyclic compound 25a (20 mg, 0.033 mmol) In dry OfeCfe (1 mL) was stirred in presence of 4M 
HCI/dioxane (5 mL) for 1 h. The mixture was evaporated and dried carefully. The residue was re-dissolved in CHgCI^ 
DMF (3 mL /1 mL) and treated with NMM (14.5 uL, 0.132 mmol) and acetic anhydride (7.0 uL, 0.073 mmol) and stirred 
at RXfor 14 h. The mixture was evaporated and dried under high vacuum. The residue was then dissolved in a mixture 
of TTHF/MeOH/HgO (4 mL / 2 mL / 2 mL) and stirred overnight with LiOH^HgO (11 mg, 0.264 mmol). The residue 

55 isolated after acidification to pH = 3 with 1N ice-cold HCI was purified by C18 reversed phase HPLC using a solvent 
gradient from 0-40% aqueous CH 3 CN (0.06% TFA) fn order to isolated pure compound 203 as an amorphous white 
solid (12 mg). 

1 H NMR (50mM NagPO* buffer, pH=6.0, 600 MHz): 8 1 .22-1 21 (m, 2H), 1 .38-1 .43 (m, 2H), 1 .58-1 .64 (m, 2H), 1 .67-1 .76 
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(m, 2H), 1 .77-1 .84 (m, 1 H), 1 .92-1 .99 (m, 1 H), 2.22-2.08 (m p 1 H), 2.1 2-2.27 (m, 1 H), 2.22-2.27 (m, 1 H), 2.60-2.67 (m, 
1H, Pro-p 1 ), 2.83-2.89 (m, 1H, Pro-P), 4.32 (dd, J = 12.1 & 3.5 Hz, 1H, Pro-ff), 4.41 (dd, J = 12.1 & 7.3 Hz, 1H), 4.56 
(bd, J = 8.0 Hz, 1H, Pro-5), 4.62 (dd, J = 8.9 Hz, 1H, Pro-a), 5.40-5.46 (m, 1H), 5.55-5.61 (m, 1H), 5.73 (bs, 1H, Pro- 
7), 7.41 (d, J = 6.3 Hz, 1 H), 7.64 (bs, 1 H, Acca-NH), 7.80 (dd, J = 7.9 Hz, 1 H), 8.03 (dd, J = 8.0 Hz, 1 H), 8.07 (d, J = 
5 9.5 Hz, 1H), 8.16 (d, J = 7 Hz, 1H, AcNH), 8.36 (d, J = 8.3 Hz, 1H), 8.90 (d, J = 6.0 Hz, 1H). 

EXAMPLE 26 

Synthesis of compound 508 (Table 5) 

10 

[0281] 




[0282] A. A solution of Boc-protected L-glutamine 26a (4.93 g, 20 mmof) and iodobenzene diacetate (7.73 g, 24 
mmol, 1.2 eq.) in EtOAc/CH 3 CN/H 2 0 (2:2:1, 60 mL), was stirred at 16°C for 1 h and at 20°C for 3 h. The reaction 
55 mixture was then diluted with H^O (20 mL), the EtOAc and CH 3 CN solvents were removed under vacuum and the 
remaining aqueous mixture was extracted with diethyl ether (3x50 mL) and EtOAc (50 mL) in order to remove most of 
the impurities. The aqueous layer (containing the amine Intermediate) was then concentrated to dryness, the remaining 
material was re-dissolved in 1 0% NagCOa (30 mL), cooled to 0°C in an ice bath and a solution of benzyl chloroformate 
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(3.3 ml_, 20.4 mmol, 1 .02 eq.) dioxane (40 mL) was slowly added (-1 0 min). The reaction mixture was stirred at 0°C 
for 1 h and at RT for 2 h. The mixture was then diluted with H 2 0 (50 mL), extracted with cold (-5°C) diethyl ether (3x50 
mL), acidified with 4M HCI to pH=3-4 and extracted with EtOAc (3x50 mL). The combined organic layers were dried 
over anhydrous MgS0 4 and evaporated to dryness under vacuum. The crude material was purified by flash column 

5 chromatography, using EtOAc/Hexane/AcOH (7:2.9:0.1) to obtain compound 26b in 43% overall yield (3.04 g). 

[0283] B. Dipeptide intermediate 26c (250 mg, 0.41 mmol), compound 26b (1 71 mg, 0.49 mmol, 1 .2 eq.) and HATU 
(185 mg, 0.49 mmol, 1 2 eq.) were dissolved in CHjjCIj, (6 mL) and DIPEA (0.29 mL, 1 .62 mmol, 4 eq.) was added. 
The reaction mixture was stirred at RT for 1 4 h, then the CH 2 CI 2 was evaporated under vacuum and the crude material 
re-dissolved In EtOAc. The EtOAc solution was washed with aqueous 5% NaHC0 3 and brine, dried over anhydrous 

10 MgS0 4 and evaporated to dryness. Compound 26d was obtained after purification of the crude material by flash column 
chromatography, using EtOAc/hexane (4:1) as the eluent, in 98% yield (338 mg). 

[0284] C. A solution of compound 26d (335 mg, 0.394 mmoi) in THF (5 mL) was cooled to 0°C and a solution of BH 3 
in dimethyl sulfide (0.12 mL of 1 0M solution, 1 .2 mmol, 3 eq.) was added. The reaction mixture was allowed to warm- 
up to RT and stir for 1 h. Then ft was cooled again to 0°C before an aqueous solution of NaOH (0.8 mL of 2.5 M solution, 

15 1 .97 mmol, 5 eq) was added slowly over a period of 15 min, followed by the slow addition (-15 min) of an aqueous 
solution of H 2 0 2 (0.8 mL of an 8.8 M solution, 6.9 mmol, 17.5 eq.). The reaction mixture was allowed to warm-up to 
RT and stir for 1 h. After that period, the reaction mixture was acidified to pH -4 in order to quench the excess BH3, 
then aqueous NaHCO a was addedto adjust the pH=~ 9*1 0, theTHF was removed undervacuum and the crude material 
was partitioned between H 2 0 and EtOAc. The aqueous layer was re-extracted with EtOAc, the combined organic 

20 layers were washed with brine, dried over anhydrous MgS0 4 and evaporated to dryness under vacuum. The crude 
material was purified by flash column chromatography, using EtOAc/hexane/NH 4 OH (8:2:0.5) as the eluent, to obtain 
pure compound 26e in 57% yield (1 92 mg). 

[0285] D. To a solution of compound 26e in Ch^Cfe (8 mL), Dess-Martin periodinate (1 95 mg, 97%, 0.33 mmol, 1 .5 
eq) was added and the reaction mixture was stirred at RT for 1 .5 h. The reaction was quenched with the addition of 
25 aqueous NagSgOg (3 mL of 5% solution), then saturated aqueous NaHC0 3 (5 mL) was added and the mixture was 
stirred at RT for 15 min. Finally, the reaction crude was extracted with EtOAc, the organic layer was washed with 
aqueous 5% NaHC0 3 and brine, dried over anhydrous MgS0 4 and evaporated under vacuum to give 1 88 mg of al- 
dehyde 28f which was used in the next step without further purification. 

[0286] E. A solution of compound 261 (188 mg, 0.22 mmol), CHaCOgH (38 ui.) and Pd(OH) 2 (25 mg) in ethanol (5 
30 mL) was stirred to RT under H 2 at atmospheric pressure for 1 6 h. After that period, more H 2 gas, Pd(OH)2 (1 80 mg) 
and CH 3 C0 2 H (154 u.L) and were added to the flask and stirring was continued for an additional 24 h. The mixture 
was then filtered and the solvent evaporated to dryness, the crude macrocydic product was purified by flash column 
chromatography, using CHCiyMeOH/AcOH (10:2;1), to obtain compound 26g in -30% yield (48 mg). 
[0287] F. A mixture of compound 26g (22 mg, 0.031 mmol), DIPEA (27 u.L, 0.1 55 mmol, 5 eq.) and acetic anhydride 
35 (8.7 uL, 0.093 mmol, 3 eq.) in CHgCfe (5 mL) was stirred at RT for 1 6 h . The CH 2 a 2 was then removed under vacuum, 
a mixture of THF/MeOH/H 2 0 (2:2:1 , 5 mL) and LiOH.2H 2 0 (13 mg, 0.31 mmol, 1 0 eq.) were added and the hydrolysis 
reaction was allowed to proceed for 68 h at RT and 2 h at 50 o C. The reaction mixture was then acidified (pH=~ 4) and 
purified by reversed phase HPLC to obtain the final compound 508 (-6 mg, -26% yield for the last 2 steps). 
1 H NMR PMSO, 400 MHz) of 508 (mixture of rotamers confirmed by COSY, TOCSY and ROESY NMR data): 5 1 .1 8 
ao (s, 9H), 1.09-1.85 (overlapping m, 11 H), 1.95 (s, 3H), 2.30 (m, 1H), 2.63 (m, 1H), 3.1fr4.14 (overlapping m, 6H), 3.96 
(s, 3H), 4.44 (m, 1 H), 4.62 & 4.69 (2d, J =1 1 .8 Hz, 1 H, rotamers), 5.82 (bs, 1 H), 720 (m, 2H), 7.53 (bs, 1 H), 7.67 (bs, 
4H), 8.19 (bs, 3H), 8.61 (s, 1H). 
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EXAMPLE 27 

Synthesis of the saturated macro cyclic Intermediate (27a) 
5 [0288] 



w 



15 



20 



25 



30 



BocH 




23b 



A. EtOAc 



Hj, Rh 5%/atumina 



BocHN 




BocHN 



27a 



B. 




BocHN 




27a 



27c 



35 



40 



45 



SO 



55 



[0289] A. The unsaturated macrocycllc intermediate 23b (3.50 g, 7.30 mmol) was dissolved in EtOAc (30 ml_) and 
700 mg (20% w/w) of 5% Rh on alumina was added. The mixture was stirred under H 2 gas at atmospheric pressure 
and at RT for 1 .5 h. After that period, HPLC analysis confirmed the complete conversion of starting material to two 
products, the desired product 27a and a minor product (8% of the total mass) which was later identified to be compound 
27b, formed from opening of the cyclopropane ring. The reaction mixture was filtered and concentrated to give a light 
green color solid (3.47 g). The solid was co-evaporated twice with EtOH to remove ail of the EtOAc (the presence of 
EtOAc Interferes in the next step). Separation of compound 27a from 27b by chromatography proved to be very difficult, 
thus an alternative method was devised based on the relative rates of hydrolysis of their respective methyl ester moi- 
eties. 

[0290] B. The crude mixture of compounds 27a and 27b (3.47g) was dissolved in THF:MeOH (1:1, 20 mL), an 
aqueous solution of LiOH»H 2 0 (24 mg in 5 mL H 2 0, 8% eq) was added and the reaction mixture was stirred at RT for 
1 6 h (complete hydrolysis of the side product 27b to its corresponding add 27c was confirmed by HPLC). The reaction 
mixture was concentrated under vacuum in order to remove most of the THF and MeOH and partitioned between H 2 0 
(100 mL) and EtOAc (300 mL). The organic layer was washed with 0.5 N NaOH (3x100 m), brine (100 mL), 10% 
aqueous citric acid (2x100 mL), brine (1 00 mL), dried over anhydrous MgSO*, filtered and concentrated to dryness. 
The desired product 27a was obtained in high purity (>90% by HPLC) as a light green foam and in 93% overall yield 
(3.28 g) for the two steps. 

1H NMR: (400 MHz, CDCI3): 8 1 .1-1 .38 (m, 13 H), 1 .42 (s, 9 H), 1 .51 -1 .57 (m, 1 H), 1 .63-1 .67 (dd, J = 8.0 & 5.1 Hz, 1 
H), 1.81-1.87 (m, 1 H), 1.92-1.99 (m, 1 H), 2.02-2.08 (m, 1 H), 2.62 (d, J = 14 Hz, 1 H), 3.4 (d, J= 8.3, 1H), 3.65 (s, 
3H), 4.01 (dd, J = 10.8 & 4.1 Hz, 1 H), 4.42-4.48 (m, 1 H), 4.51^.55 (m, 1 H), 4.87 (d, J = 8.6 Hz, 1 H), 5.14 (d, J = 
8.6 Hz, 1 H), 7.97 (brs,1 H). 
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EXAMPLE 28 

Synthesis of compound #741 (Table 7) 
5 [0291] 



10 



15 




cpd#741 



[0292] Quinoline derivative 8f was attached to the pre-formed macrocyclic compound 23b via a Mitsunobu reaction. 
The quinoline derivative 8f (30 mg t 0.095 mmol) was dissolved in THF, then macrocycle 23b (46.6 mg, 1 eq.) and PPl^ 

25 (49.8 mg, 2 eq.) are then added. The resulting mixture is cooled to 0°C. DIAD (37.4 uJ, 2 eq.) is then added dropwise. 
The solution is stirred 1 hour at 0 C then stirred overnight at room temperature. The mixture was then diluted with 
EtOAc (15 ml), washed with a saturated solution of NaHC0 3 (15 ml), followed by brine. The solution was dried with 
MgSO^ filtered and concentrated in vacuo. 202 mg of a yellow oil was obtained. The product was purified by flash 
chromatography on silica gel (100% EtOAc). The product still contained DIAD byproducts after the purification. The 

30 resulting product obtained contained 55% w/w of the desired product, so the yield was declared to be 62%. 

[0293] The ester intermediate (46 mg, 0.06 mmol) was dissolved in a mixture of THF/MeOH/H 2 0 (2:1 :1 ratio, 2 mL), 
LiOH-UgO (20 mg, 0.48 mmol) was added and the solution was stirred at RT. After a period of 16 h, analysis of the 
reaction mixture by HPLC indicated that the hydrolysis was complete. The organic solvents were removed under vac- 
uum and the remaining crude material dissolved in DMSO was purified by C18 reversed phase HPLC to give pure 

35 inhibitor 741. 

1H NMR (400 MHz, DMSO-cy 6 (ppm): 8.67 (s, 1H), 8.29-8.14 (m, 2H), 8.08-7.97 (m, 1H), 7.91-7.78 (m, 1H), 7.74 (s, 
1H), 7.31-7.20 (m, 1H), 7.10 (d, J = 5.7 Hz, 1H), 5.82-5.71 (m, 1H), 5.58-5.47 (m, 1H), 5.32-5.23 (m, .1H), 4.74-4.64 
(m, 1H), 4.55-4.47 (m, 1H), 4.23-4.06 (m, 1H), 4.04^3.94 (m, 1H), 3.97 (s, 3H), 3.92-3.85 (m, 1H), 2.70-2.55 (m, 2H), 
2.53-2.36 (m, 2H), 2.20-2.09 (m, 1H), 1.80-1.62 (m, 2H), 1.56-1.43 (m, 2H), 1.42-1.29 (m, 6H), 1.27 (d, J = 3.2 Hz, 
40 3H), 1 .25 (d, J = 2.9 Hz, 3H), 1 .1 2 (s, 9H). 
MS: 763.1 (M+1), 761.1 (M-1). 
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EXAMPLE 29 

Synthesis of compound 205 (Table 2) 
5 [0294] 



10 



15 




(25a) compounds 205 



[0295] To a solution of the macrocycllc compound 25a (21 mg, 0.035 mmol) in t-butanol/H 2 0) (t .5 mL/1 .5 mL) at 0°. 
a solution of Os0 4 in t-butanol (0.36 mL of a 35% w/v, 0.035 mmol) was added and the mixture was stirred at RT for 
1 h. The mixture was diluted with EtOAc (20 mL) and the organic solution washed with 5% NaHCO a (2x10 mL), brine 
25 (2 x 10mL), dried and evaporated to dryness. The crude compound was taken into THF/MeOH/H 2 0 (3 mL / 1 .5 mL / 

1 .5 mL) and stirred in presence of LiOH-HgO (13 mg, 0.28 mmol) for 16 h. The mixture was acidified to pH 4 with 0.5 
N ice-cold HCI, evaporated and purified by C1 8 reversed phase HPLC using a solvent gradient from H 2 0 (0.06%TFA) 
to 40% aqueous CH3CN (0.06% TFA). The syn diol 205 was isolated in high purity as amorphous white solid, compound 
#205: 1 H NMR (DMSO, 400 MHz): 5 1.01 (s, 9H), 1.06-1.30 (m, 9H), 1.48-1.68 (m, 3H), 1.78-1.88 (m, 1H), «2.2-2.5 

30 (2m, 2H), 3.78-3.82 (m, 1 H), 3.86-3.90 (m, 1 H), 4.39 (t, J = 8.9 Hz, 1 H), 4.61 (d, J = 11 .4 Hz, 1 H), 5.60 (bs, 1 H, Pro- 
7), 7.03 (d, J = 6.0 Hz, 1H), 7.40 (bs, 1H) t 7.58-7.62 (m, 1H), 7.87-7.91 (m, 1H), 8.00 (d, J = 8.3 Hz, 1H), 8:24 (d, J = 

8.6 Hz, 1 H), 8.60 (s, 1 H), 8.99 (bs, 1 H). 

EMS (negative ionization mode): m/z 625 (M-H)-. 
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EXAMPLE 30 

Synthesis of compound 214 & 218 (Table 2) 
5 [0296] 



10 



15 



20 



25 



30 



35 



AO 



45 




compound 218 



[0297J A. A solution of the keto-nonenoate ester 16d (0.1 80 g, 0.6 mmol) In MeOH/H 2 0 (5 mL / 2 mL) was stiffed 
at RT in presence of Li0H4H 2 O (50 mg, 1 .2 mmol) for 1 h. The solution was acidified to pH 6 with 0.5 N ice-cold HCI 
55 and most of the MeOH was evaporated. The residue was then dissolved in EtOAc (30 mL) and the solution was washed 
with 0.5 N ice-cold HCI (10 mL), brined (10 mL), dried and evaporated. The crude residue was then re-dissolved in 
CH 2 CI 2 (1 0 mL) and reacted with the P1 -P2 fragment 30a (0.337 g, 0.6 mmol) in the presence of HATU (233 mg, 0.612 
mmol) and Dl PEA (420 uL, 2.4 mmol) over a period of 1 6 h at RT. The reaction mixture was chromatographed on silica 
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gel using EtOAc/hexane (1/1) as the eluent, to isolate the pure compound 30b (0.370 g, yield 83%, Purity >95% by 
HPLC). 

'H NMR (CDCI3, 400 MHz) 5 1 .41 (s, 9H), 1 .45-1 .54 (m, 1 H), 1 .58-1 .62 (m, 1 H), 1 .73-1 .77 (m, 1 H), 1 .86-1 .91 (m, 1 H), 
2.16 (dd, J = 17.8 & 8.6 Hz, 1H), 256-2.43 (2m, 2H), 2.46-2.58 (m, 2H), 2.64-2.81 (m, 1H), 2.85-2.92 & 2.95^3.03 (2m, 
5 1 H, rotamers in 1 :3 ratio), 3.67 (s, 3H), 3.95 (s, 3H), 4.1 &4.1 8 (m, 1 H), 4.2O-4.30 (m, 1 H), 4.40-4.55 (m, 1 H), 4.80-4.88 
(m, 1H)i 4.92-5.10 (m, 2H), 5.14 (dd, J = 10.2 & 1.6 Hz, 1H), 5.24-5.38 (m, 4H), 5.42-534 (m, 1H), 5.68-5.86 (m, 2H), 
7.04-7.14 (m, 2H), 7.42-7.64 (m, 5H), 7.92-8.12 (m, 3H). 

[0298] B. The diene 30b (0.370 g, 0.49 mmol) was cyclized in the presence of the bis-(tricyclohexy!phosphine) ben- 
zyiidene ruthenium IV dichloride catalyst (0.125 mg, 0.15 mmol) in CH 2 CI 2 (distilled from CaH 2 and degassed with 

10 argon for 30 min) over a period of 2 h at reflux. The compound was obtained as a mixture of stereoisomers (30c and 
30d 1:1 ratio) after flash column chromatography on silica gel using EtOAc/Hexane (3/1) in 35% yield (0.124 g). 
1 H NMR of mixture 30c & 30d (CDCI3, 400 MHz) 5 1 .44 (s, 4H) & 1 .37 (s, 4H), 1 .60 (m, 2H), 1 .83 (m, 0.5H), 2.01 (m, 
1 H), 2.09 (m, 1 H), 2.42 (m, 5H), 2.73 (m, 2H), 3.26 (m, 0.5H), 3.69 (s, 1 .5H), 3.76 (s, 1 .5H), 3.96 (s, 3H), 4.1 0 (m, 1 H) f 
4.24 (m, 0.5H), 4.10 (m, 0.5H), 4.58 (m, 1H), 4.73 (m, 1H), 4.89 (m, 0.5H), 4.97 (m, 0.5H), 5.30 (m, 0.5H), 5.44 (m, 

15 2H), 5.64 (m, 1 H), 7.1-7.0 (m, 3H), 7.47 (m, 4H), 8.08-7.98 (m, 3H). 

[0299] C,D. Hydrolysis of the methyl esters 30c and 30d (24 mg, 0.033 mmol) was carried out in THF/MeOH/H 2 0 
(1 mL / 0.5 mL / 0.5 mL) with UOH 2 0 (1 1 mg, 0.246 mmol) over a period of 1 6 h at RT. After that period the reaction 
mixture was acidified to pH 4-5 and chromatographed on a C1 8 reversed phase HPLC column using a solvent gradient 
from HgO (0.06% TFA) to 50% aqueous CH 3 CN (0.06% TFA). The desired compounds 214 and 218 were isolated 

20 from the mixture of the two compounds in high purity (94% pure by HPLC) in 1 5% yield (3 mg). 

compound 214: 1 H NMR (DMSO, 400 MHz) 5 1.15 (s, 9H), 1.48-1.54 (m, 2H), 1.65-1.74 (m, 1H), 1.77-1.85 (m, 1H), 
2.12-2.25 (m, 4H), 2.27-2.34 (m, 1H), 2.61-2.68 (m, 1H), 2.87 (bt, J = 11.5 Hz, 1H), 3.92 (dd, J = 95 & 1.5 Hz, 1H, 
Pro-6), 3.97 (s, 3H, -OCH 3 ), 4.14-4.20 (m, 1H), 4.52 (t, J = 7.8 Hz, 1H, Pro-a), 4.66 (d, J = 11.8 Hz, 1H, Pro-6), 5.45 
(t, J = 9.9 Hz, 1H), 5.51-5.58 (m, 1H), 5.82 (bs, 1H, Pro-y), 7.09 (d, J = 6.0 Hz, 1H, BocNH), 7.26 (bs, 1H), 7.53 (s, 

25 1 H) f 7.67 (bs, 3H), 8.1 6 (d, J = 2 Hz, 1 H), 8.1 8 (s, 1 H), 8.83 (s, 1 H, ACCA-NH). 

compound 218: *H NMR(DMSO,400 MHz): 5 1.06-1.10 (m, 1H), 1.18 (s, 9H), 1.52-1.55 (m, 1H), 1.62-1.80 (m, 1H), 
2.10-2.68 (overlapping, 9H), 3.90 (bd, J = 8.3 Hz, 1H), 3.96 (s, 3H, OCH 3 ), 4.20-457 (m, 1H), 4.58-4.63 (m, 1H, Pro- 
Si, 4.66 (dd, J = 8.3 Hz, 1H, Prb-cc) 4.88 (dd, J = 10.2 Hz, 1H), 5.18-5.26 (m, 1H), 5.73-5.79 (m, 1H, Pro-y), 7.01 (d, J 
= 6.4 Hz, 1H), 7.23 (bs, 1H), 7.50 (bs, 1H), 7.66 (bs, 3H), 8.20 (bs, 2H), 8.53 (s, 1H). 
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EXAMPLE 31 

Synthesis of compound 209 (Table 2) 
5 [0300] 



10 



15 



20 



25 



30 




35 

[0301] A. The diene 31 a (249 mg, 0.330 mmol) was dissolved in 30 ml_ of anhydrous CH 2 CI 2 and the solution was 
degassed with argon for 1 5 min. The catalyst bis-(tricyclohexylphosphine) benzylidene ruthenium IV dichloride (82 mg, 
0.1 00 mmol) was dissolved in 3 ml_ of anhydrous and degassed CH 2 c fe 90(1 addec * to tne diene solution. The reaction 
mixture was refluxed for 2 h under N 2 . The solution was concentrated and purified by flash column chromatography 

40 to obtain compound 31 b as a brown solid in 71 % yield (1 71 mg). 

1 H NMR (CDCIg, 400 MHz): 5 i.22-1.44 (m, 10H), 1.42 (s p 9H), 1.66-1.74 (m, 1H), 1.87-1.97 (m, 2H), 2.13-2.28 (m, 
3H), 2.32-2.39 (m, 1H), 3.08-3.16 (m, 1H), 3.41 (s, 3H), 4.07-4.22 (m, 3H), 4.28-4.34 (m, tH), 4.58-4.64 (m, 1H), 
4.95-4.99 (m, 1H). 5.22-5.29 (m, 2H), 5.38-5:43 (m, 1H), 5.48-5.56 (m, 1H), 7.00-7.12 (m, 3H), 7.43-7.55 (m, 4H), 
7.97-8.11 (m, 3H). 

45 ES(+)MS:rrvz 727.4 (M+H)+ 

[0302] B. Compound 31b (0.117 mmol) was stirred in a solution of Ha (1 ml_ of 4N in dioxane) for 30 min and 
concentrated to dryness. The solid was taken up In CHgCfe (2 mL), Et 3 N (82 ul, 0.585 mmol) and t-butylisocyanate 
(35 mg, 0.351 mmol) were successively added. After stirring at RT for 20 h, the mixture was concentrated to dryness 
and the crude compound 31 c was used in the final hydrolysis step without further purification. 

so [0303] D.Cfcmpqund31e(85mg,0.117mm mL/1 mL), LIOH.H 2 0(39 

mg, 0.936 mmol) was added and the solution was stirred for 20 h at RT. After that period, acetic acid (1 mL) was added 
and the solution was concentrated to remove the MeOH and TH F. The pure compou nd 209 was isolated after purification 
of the crude by C1 8 reverse phase H PLC (25 mg, -31 % yield). 

1 H NMR (DMSO, 400 MHz): 5 1.04 (s, 9H), 1.15-1.24 (m, 2H), 1.30-1.40 (m, 5H), 1.44r1.51 (m, 2H), 1.54-1.68 (m, 
55 1H), 1.75-1.88 (m, 1H), 2.18 (dd, J = 172 & 8.5 Hz, 1H), 2.32-2.45 (m, 1H, Pro-p), 2.54-2.62 (m, 1H), 2.65-2.68 (m, 
1H, Pro-p), 3.91 (dd, J = 11.1 & 3.5 Hz, 1H, Pro-$), 3.96 (s, 3H, -OCH 3 ), 4.17^.23 (m, 1H), 4.47 (dd, J = 8.6, 1H, Pro- 
a), 4.67 (bd, J = 7.9 Hz, 1 H, Pro-5), 5.30 (dd, J = 9.5 Hz, 1 H), 5.52 (bdd, J = 1 9 & 8.3, 1 H), 5.68 (s, 1 H), 5.78 (bs, 1 H, 
Pro-7), 5.94 (bs, 1H), 72^ (bs, 1H), 7.51 (bs, 1H), 7.66 (bs, 4H), 8.19 (s, 2H), 8.40 (d, J = 7 Hz, 1H), 8.61 (s, 1H, 
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ACCA-NH). 

ES(+)MS: m/z 698.3 (M+H) + . 
EXAMPLE 32 

Synthesis of compounds #404 and #407 (Table 4) 
[0304] 



10 




cpd#407 cpd #404 



[0305] A. The diene 32a (84 mg, 0.11 mmol) was dissolved in anhydrous CH 2 Cl2 (11 mL) and the solution was 
degassed over a period of 15 min. with a flow of argon. The bis-(tricyclohexylphosphine) benzylidene ruthenium IV 
45 dichloride catalyst (1 9 mg, 0.023 mmol) was first dissolved in 1 mL of degassed OfeCfe and then it was transferred to 
the reaction flask wa cannula. The reaction mixture was stirred for 2 h at reflux. The solvent was then removed under 
vacuum and the reaction mixture was purified by flash column chromatography on silica gel, using EtOAc/ hexane (1 : 
1) as the eluent, to give the macrocyciic compound 32b as a yellow oil (33 mg, 41% yield). 

[0306] B. The ester intermediate 32b (33 mg, 0.045 mmol) was dissolved in a mixture of THF/MeOH/H 2 0 (2:1:1 
so ratio, 2 mL), LiOHH-^O (8 mg, 0:18 mmol) was added and the solution was stirred at RT. After a period of 1 6 h, analysis 
of the reaction mixture by H PLC indicated that the hydrolysis was incomplete. Thus an additional amount of LiOH^O 
(4 mg, 0.09 mmol) was added and the solution was stirred at RT for a total of 36 h. Finally, the solution was acidified 
with a small aliquot of acetic acid, the organic solvents were removed under vacuum and the remaining crude material 
was purified by C18 reversed phase HPLC to give pure inhibitor 404. 
55 1H NMR (DMSO, 400MHz): 6 1 .21 (d, J = 6.0 Hz, 3H, Me), 1 .36 (s, 9H, Boc), 1 .1-1 .4 (3m, 3H), 1 .66 (m, 1 H), 1 .80 (m, 
1H), 2.10 (m, 2H), 2.57 (m, 2H), 3.90 (m, 4H), 4.47 (bd, J=12.7 Hz, 1H), 4.58 (bd, J=7.3, 1H), 4.66 (dd, J=8.0 Hz, 1H), 
5.57 (m, 1H), 5.66 (m, 1H), 5.83 (bs, 1H), 6.18 (bd, J=6.9 Hz, 1H), 7.25 (bd, J=7.3 Hz, 1H), 7.56 (bs, 1H), 7.70 (m, 
4H), 8.22 (bd, J=2.9 Hz, 2H), 8.29 (bs, J=9.2 Hz, 1H). 
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[03071 C. Inhibitor 404 (15 mg, 0.021 mmol) was dissolved in ethanol (2 mL) and Pd 1 0%/C (2 mg) was added. The 
mixture was stirred under hydrogen at RT for 16 h. After filtration, the mixture was purified by C18 reversed phase 
HPLC to give inhibitor 407 as a white solid (1 0 mg, 66% yield) 

*H NMR (DMSO, 400MHz): 6 1 .04 (m, 1 H), 1 .17 (d, J = 6.0 Hz, 3 H), 1 .35 (s, 9H), 1 .25-1 .75 (m, 12 H), 2.32-2.45 (m, 
1H), 3.40-3.50 (m, 2 H), 3.74-3.83 (m, 1 H), 3.85-3.93 (m, 1 H), 3.97 (s, 3H), 4.27-4.36 (dd, J = 21 .1 & 8.6 Hz, 1 H), 4.54 
(dd, J = 7.95 & 7.95 Hz, 1 H), 5.64 (d, J = 8.3 Hz, 1 H), 5.82 (br s, 1 H), 7.27-7.33 (m, 1 H), 7.53-7.57 (bs, 1 H), 7.60-7.74 
(m, 4 H), 8.1 3-8.27 (m, 3 H), 8.30-8.35 (br s, 1 H). 

EXAMPLE 33 

Synthesis of compound #824 (Table 8) 
[0308] 

Etq 




[0309] A. Compound 33a (-0.55 mmol) was dissolved in CHgCfe (1 00 mL) and the solution was degassed carefully 
before a sample of Hoveyda's catalyst (1 7 mg, 0.028 mmol, 0.05 eq.) was added. The solution was then stirred under 
reflux for 5 h. The reaction mixture was concentrated and purified by flash column chromatography, using a solvent 
gradient of CHgCVEtOAc (from 3:2 to 2:3 ratio), to give compound 33b in 72% yield (1 94 mg). 
[0310] B. To a solution of compound 33b (70 mg, 0.142 mmol), 2-ethoxy-4-hydroxy-7-methoxyquinoline 3c (63 mg, 
0.284 mmol, 2 eq.) and Ph 3 P (1 86 mg, 0.71 mmol, 5 eq.) in anhydrous THF (1 5 mL) at 0 °C, DIAD (140 uL, 0.71 mmol, 
5 eq.) was added slowly over a period of 20 min. The reaction mixture was allowed to warm-up to RT and to stir at RT 
for 2.5 h. Subsequently, the THF was evaporated under vacuum and the crude product was purified by flash column 
chromatography, using a solvent gradient of hexane/EtOAc (from 7:3 to 1:1 ratio). Pure compound 33c was isolated 
in 73% yield (72 mg). 

[0311] C. Compound 33c (72 mg, 0.104 mmol) was mixed with CH 2 Cl2 (5 mL) and 4M HCI in dioxane (5 mL) and 
the mixture was allowed to stir at RT for 1 .5 h in order to cleave the Boc protecting group and obtain the HCI salt of 
intermediate 33d. The reaction crude reaction mixture was evaporated to dryness under vacuum, dried under vacuum 
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to assure the removal of all HCI and used in the next step without purification. 

[0312] D. To a solution of cydopentanol (29 u.L, 0.32 mmol) in THF (1 0mL),a solution of phosgene in toluene (1 .93 
M, 274 uX, 0.528 mmol) was added dropwise and the mixture was stirred at RT. for 2 h to form the cyclopentyl chlo- 
roformate reagent. After that period, approximately half of the solvent was removed by evaporation under vacuum, the 

5 remaining light yellow solution was diluted by the addition of CH 2 CI 2 (5 mL) and reconcentrated to haif of its original 
volume, in order to assure the removal of ali excess phosgene. The above solution of the cyclopentyl chloroformate 
reagent was further diluted with THF (1 0 mL), cooled to 0 °C and added to the solid compound 33d (0.1 04 mmol) at 
0 °C. Et 3 N (75 u,L, 0.534 mmol, 5.2 eq.) was added to the reaction mixture and stirring was continued at 0 °C for 1 .5 
h. The solvents were removed under vacuum and the crude material purified by flash column chromatography, using 

10 EtOAc/hexane (1 :1) as the eluent, to obtain compound 33e in almost quantitative yield (75 mg). 

[Q313J E. Hydrolysis of the methyl eiter was achieved by reacting compound 33e (75 mg, 0.11 mmol) with LiOH-H z O 
(35 mg, 0.84 mmol, 8 eq.) in a solvent mixture of TH F/MeOH/H 2 0 (22:1 ratio, 7.5 mL) at 50 °C for2.5 h. Upon com- 
pletion of the hydrolysis, the mixture was acidified to pH=4.5 and the solvents were evaporated to dryness under 
vacuum. The crude product was purified by C18 reversed phase preparative HPLC, using a solvent gradient of H 2 0 

15 to 58% aqueous CH 3 CN (with 0.06%TFA), to obtain inhibitor #824 as a white amorphous solid (45 mg, 65% yield). 
1 H NMR of the Na+ salt of #824 (DMSO, 400 MHz): 8 0.88 (d, J=6.7 Hz, 3H), 0.95-1 .70 (overlapping resonances, 1 7H), 
1 .37 (t, J=7 Hz, 3H), 2.00-2.1 0 (m, 1 H), 2.10-2.33 (m, 3H), 2.38-2.44 (m, 1 H), 3.80^3.85 (m, 1 H), 3.85 (s, 3H), 4.02^.08 
(m, 1H), 4.42 (q, J=7 Hz, 2H), 4.3S4.44 (m, 1H), 4.50 (d, J=10.8 Hz, 1H), 4.63 (bs, 1H), 528 (dd, J=9.5 Hz, 1H), 5.38 
(bs, 1 H), 5.42-5.49 (m, 1 H), 6.37 (s, 1 H), 6.87 (dd, J=8.9 & 2.2 Hz, 1 H), 7.07 (d, J=2.2 Hz, 1 H), 7.28 (d, J=7.0 Hz, 1 H), 
. 20 7.90 (d, J=8.9 Hz, 1 H), 8.57 (s, 1 H). 
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EXAMPLE 34 

Synthesis of compound #812 (Table 8) 
5 [03141 



10 



15 



20 



25 



30 




35 
40 



45 



50 



53 



59 



EP1437 362A1 



5 



10 



15 



20 



25 




[0315] A. To a solution of the macrocyclic intermediate 23b (13.05 g, 27.2 mmol, 1 .0 eq.), Ph 3 P (14.28 g, 54.4 mmol, 
30 2.0 eq) and 2-cart)oxymethoxy-4-hydroxy-7-methoxyquinoline (WO 00/09543 & WO 00/09558) (6.67 g, 28.6 mmoi, 
1 .05 eq) in THF (450 mL) at 0°C, DIAD (10.75 mL, 54.6 mmol, 2.0 eq) was added dropwise over a period of 15 min. 
The ice bath was then removed and the reaction mixture was stirred at RT for 3 h. After the complete conversion of 
starting material to products, the solvent was evaporated under vacuum, the remaining mixture diluted with EtOAc, 
washed with saturated NaHC0 3 (2x) and brine (1x), the organic layer was dried over anhydrous MgS04, filtered and 
35 evaporated to dryness. Pure compound 34a was obtained after flash column chromatography; the column was eluted 
first with hexane/EtOAc (50:50), followed by CHCIg/EtOAc (95:5) to remove Ph 3 PO and DIAD byproducts and elutton 
of the impurities was monitored by TLC. Finally, the desired product 34a was eluted from the column with CHCiyEtOAc 
(70:30). 

[0316] Usually, the chromatography step had to be repeated 2-3 times before compound 34a could be isolated in 
*o high purity as a white solid with an overall yield of 68% (1 2.8 g, 99.5% pure by HPLC). 

[0317] B. To a solution of the Boc-protected intermediate 34a (1.567g) in Cl-feCfe (15 mL), 4N HCI in dioxane (12 
mL) was added and the reaction mixture was stirred at RT for 1 h. [In the event that a thick gel would form half way 
through the reaction period, an additional 1 0 mL CH^fe was added.] Upon completion of the deprotection the solvents 
were evaporate to dryness to obtain a yellow solid and a paste like material. The mixture was redissolved in approxi- 
4£ mately 5% MeOH In CH 2 Cl2 and re-evaporated to dryness under vacuum to obtain compound 34b as a yellow solid, 
which was used in the next step without any purification. 

[0318] C. To a solution of cydopentanol (614 u.L, 6.76 mmoL) In THF (15 mL), a solution of phosgene in toluene 
(1 .93 M, 5.96 mL, 1 1 .502 mmol) was added dropwise and the mixture was stirred at R.T for 2 h to form the cyciopentyl 
chloroformate reagent (z). After that period, approximately half of the solvent was removed by evaporation under vac- 

so uum, the remaining light yellow solution was diluted by the addition of CH 2 Cl2 (5 mL) and concentrated to half of its 
original volume, In order to assure the removal of all excess phosgene. The above solution of the cyciopentyl chloro- 
formate reagent was further diluted with THF (15 mL) and added to the amine-2HCI salt 34b. The mixture was cooled 
to 0°C in an ice bath, the pH was adjusted to -8.5-9 with the addition of Et 3 N (added dropwise) and the reaction 
mixture was stirred at 0°C for 1 h. After that period, the mixture was diluted with EtOAc, washed with water (1x), 

55 saturated NaHC0 3 (2x), H 2 0 (2x) and brine (1x). The organic layer was dried over anhydrous MgSO^ filtered and 
evaporated under vacuum to obtain a yellow-amber foam. Compound 34c was obtained as a white foam after purifi- 
cation by flash column chromatography (using a solvent gradient from 30% hexane to 20% hexane in EtOAc as the 
eluent) in 80% yield (1 .27 g) and >93% purity. 
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[0319] D. The dimethyl ester 34c (1 .17g) was dissolved in a mixture of THF/MeOH/H 2 0 (20 mL, 2:1:1 ratio), and an 
aqueous solution of NaOH (1 .8 mL, 1 N, 1 eq.) was added. The reaction mixture was stirred at RT for 1 h before it was 
evaporated to dryness to obtain the sodium salt 34d as a white solid (-1 .66 mmol). Compound 34d was used in the 
next step without purification. 

5 [0320] E. The crude sodium salt 34d (1 .66 mmoL) was dissolved in THF (1 7 mL), EtjN was added and the mixture 
was cooled to 0°C in an ice bath. Isobutylchloroformate (322 uJ, 2.5 mmol) was added dropwise and the mixture was 
stirred at 0°C for 75 min. After that period, diazomethane (15 mL) was added and stirring was continued at 0°C for 30 
min and then at RT for an additional 1 h. Most of the solvent was evaporated to dryness under vacuum, the remaining 
mixture was diluted with EtOAc, washed with saturated NaHC0 3 (2x), H 2 0 (2x) and brine (1x), dried over anhydrous 

10 MgS0 4 , filtered and evaporated to dryness to obtain compound 34e as a light yellow foam (1 .2g, —1 .66 mmol). The 
diazoketone intermediate 34e was used in the next step without purification. 

[0321] F. The diazoketone 34e (1 .2g, 1 .66 mmoL) dissolved in THF (17 mL) was cooled to 0°C in an ice bath. A 
solution of aqueous HBr (48%, 1 .24 mL) was added dropwise and the reaction mixture was stirred at 0°C for 1 h. The 
mixture was then diluted with EtOAc, wash with saturated NaHC0 3 (2x), H 2 0 (2x) and brine (1x), the organic layer 
15 was dried over anhydrous MgS0 4 , filtered and evaporated to dryness to obtain the 0-bromoketone intermediate 34f 
as a light yellow foam (-1 .657 mmol). 

[0322] G. To a solution of the bromoketone 34f (600 mg.0.779 mmol) in isopropanol (5 mL), thiourea (1 1 8 mg, 1 .55 
mmol) was added and the reaction mixture was placed in a pre-heated oil bath at 75°C where it was allowed to stir for 
1 nr. The isopropanol was then removed under vacuum and the product dissolved in EtOAc (100 mL). The solution 
20 was washed with saturated NaHC0 3 and brine, the organic layer was dried over anhydrous NagSO^ filtered and 
evaporated to afford the crude product 34g (522 mg) as a red-brown solid, this material was used in the final step 
without any further purification. 

[0323] H. The crude methyl ester 34g (122 mg, 0.163 mmol) was dissolved in a solution of THF/MeOH/H 2 0 (2:1:1 
ratio, 4 mL) and saponified using LiOH»H 2 0 (89 mg, 2.14 mmol). The hydrolysis reaction was carried out over a 12-15 

25 h period at RT. The solvents were then removed under vacuum and the crude product purified by C1 8 reversed phase 
HPLC, using a solvent gradient from 1 0% CH 3 CN in H 2 0 to 1 00% CH 3 CN, to afford the HCV protease inhibitor #812 
as a yellow solid (24 mg, 20% overall yield for the conversion of intermediate 34f to inhibitor #812). 
1H NMR (400 MHz, DMSO-dg) 6 8.63 (s, 1 H), 8.26-8.15 (m, 2H), 7.79 (bs, 1H), 7.72 (bs, 1H), 7.50 (bs, 2H), 7.33-7.25 
(m, 2H), 5.77 (bs, 1 H), 5.52 (dd, J = 8.3 Hz, 1 H), 5.27 (dd, J = 9.2 Hz, 1 H), 4.64 (d, J = 1 0.8 Hz, 1 H), 4.50 (dd, J = 8.3 

30 Hz, 1 H), 4.39-4.31 (m, 1 H), 4.08-3.99 (m, 2H), 3.94 (s, 3H), 3.87 (d, J = 9.5 Hz, 2H), 2.65-2.53 (m, 2H), 2.46-2.36 (m, 
2H), 2.20-2.12 (dd, J = 8.6 Hz, 1 H), 1 .80-1 .64 (m, 2H), 1 .63-1 .06 (m, 1 4H). MS; es + : 733.2 (M + H)+ es": 731 .2 (M - H)\ 

EXAMPLE 34A 

55 [0324] Using the same procedure as described in example 34 but reacting bromoketone 34f with commercially avail- 
able /Vfnethylthiourea gave # 81 1 (Table 8) 



40 



45 



so 




1 H NMR (400 MHz, DMSO-dg): 5 8.63 (s, 1 H), 8.20 (s, 1 H), 8.1 8 (s, 1 H), 8.12-7.93 (m, 1 H), 7.88-7.69 (m, 2H), 7.32-7.24 
(m p 2H), 5.82-5.75 (m, 1H), 5.52 (ddd, J= 8.1 Hz, 1H), 5.28 (dd, J= 9.9 Hz, 1H), 4.67-4.61 (m, 1H), 4.51 (dd, J= 8.8 
55 Hz, 1 H), 4.44-4.37 (m, 1 H), 4.08-4.00 (m, 1 H), 3.96 (s, 3H), 3.89 (m, 1 H), 3.04 (d, J= 4.1 Hz, 3H), 2.65-2.37 (m, 3H), 
2.16 (m, 1H), 1 .77-1 .65 (m, 2H), 1 .63-1 .11 (m, 17H). MS; es+: 747.2 (M + H)+, es': 745.3 (M - H)\ 
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EXAMPLE 34B 

[0325] Using the same procedure as described in example 34 but reacting bromoketone 34f with commercially avail- 
able AAethylthiourea gave # 810 (Table 8) 




1 H NMR (400 MHz, DMSO-de): 5 8.63 (s, 1H), 8.27 (bs, 1H), 8.20 (d, J= 9.0 Hz, 1H), 8.13-8.07 (m f 1H), 7.86 (bs, 1H), 
20 7.78 (s, 1H), 7.33-7.25 (m, 2H), 5.81 (bs, 1H), 5.54 (dd, J= 8.8 Hz t 1H), 5.28 (dd, J= 9.7 Hz, 1H), 4.65 (d, J= 12.4 Hz, 
1 H), 4.51 (dd, J= 8.8 Hz, 1 H), 4.38 (bs, 1 H), 4.03 (m, 1 H), 3.97 (s, 3H), 3.92-3.87 (m, 1 H), 3.54-3.46 (m, 2H), 2.68-2.65 
(m, 2H), 2.47-2.38 (m, 1H), 2.15 (dd, J= 8.6 Hz, 1H), 1.78-1.65 (m, 2H), 1.60-1.12 (m, 17H), 1.25 (t, J= 7.3Hz, 3H). 
MS; es+: 783.2 (M + Na)+, es~: 761.2 (M + H) + . 

25 EXAMPLE 34C 

[0326] Using the same procedure as described in example 34 but reacting bromoketone 34f with commercially avail- 
able /VHSO-propylthiourea gave # 822 



30 




1 H NMR (400 MHz, DMSO-ds) 6 8.63 (s, 1H), 8.33-8.23 (bs, 1H), 8.21 (d, J = 9.2 Hz, 1H), 8.04 (d, J = 8.3 Hz, 1H), 
45 7.86 (bs, 1 H), 7.77 (s, 1 H), 7.35-7.23 (m, 2H), 5.81 (bs, 1 H), 5.52 (dd, J = 8.5 Hz, 1 H), SZ7 (dd, J = 9.2 Hz, 1 H), 4.65 
(d, J = 11.8 Hz, 1H), 4.51 (dd, J = 7.6 Hz, 1H) ( 4.37 (bs, 1H), 4.15 (bs, 1H), 4.07-3.98 (m, 2H), 3.97 (s, 3H), 3.88 (d, J 
= 8.9Hz, 1H), 2.60-2.53 (m, 2H), 2.47-2.37 (m, 2H), 2.19-2.10 (dd, J = 9.2 Hz, 1H), 1.80-1.64 (m, 2H), 1.63-1.29 (m, 
13H), 1.27 and 1 .25 (2 x d, J = 6.5 Hz, 6H), 1 .23-1.09 (m, 2H). MS; es+: 775.0 (M + H) + , es": 772.9 (M - H)-. 

50 EXAMPLE 34D 

[0327] Using the same procedure as described in example 34 but reacting bromoketone 34f with commercially avail- 
able W-acetylthiourea gave # 809 



62 



EP 1 437 362 A1 




? 




1 H NMR (400 MHz, DMSO-de): 5 8.62 (s, 1 H), 8.30 (bs, 1 H), 8.1 7 (d, J= 8.9 Hz, 1 H), 7.62 (bs, 1 H), 7.52 (bs, 1 H), 7.28 
(d, J= 6.4Hz, 1H), 7.21 (bs, 1H), 5.63 (bs, 1H), 5.54 (dd, J= 8.1 Hz, 1H), 5.28 (dd, J= 9.5Hz, 1H), 4.62 (d, J= 12.1 Hz, 
1H), 4.56-4.46 (m, 2H), 4.11-4.04 (m, 1H), 3.95 (s, 3H), 3.93-3.88 (m, 1H), 2.62-2.54 (m, 1H), 2.45-2.36 (m, 1H), 2.22 
(s, 3H), 2.21-2.13 (m, 1H), 1.79-1.69 (m, 2H), 1.65-1.30 (m, 16H), 1.26-1.12 (m, 2H). MS; es+: 775.3 (M + H)+ es': 
773.3 (M - H)\ 

EXAMPLE 34E 

[0328] To a stirred solution of the 2-amino-4-thiazolyl intermediate 34g (0.24 g, 0.32 mmol) in CH 2 CI 2 (5 mL) at RT 
was added DIPEA (0.55 mL, 3.18 mmol, 10 eq) and methyi chloroformate (0.13 mL, 1.6 mmol, 5 eq). The reaction 
mixture was stirred for 6.5 h before being concentrated under vacuum. The crude isolated materiai was then hydrolyzed 
to the desired carboxylic acid as described in Example 34 to yield compound # 81 8 



1H NMR (400 MHz, DMSO-d 6 ): 5 8.61 (s, 1 H), 8.21-8.07 (m, 2H), 7.61-7.38 (m, 2H), 7.26 (d, J = 6.4 Hz, 1 H), 7.19-7.10 
(m, 1H), 5.60-5.47 (m, 2H), 527 (dd, J = 9.2 Hz, 1H), 4.63-4.53 (m, 1H), 4.47 (d, J * 7.9 Hz, 1H), 4.13-4.04 (m, 1H), 
3.93 (s, 3H), 3.92-3.87 (m, 2H), 3.79 (s, 3H), 2.42-2.30 (m, 2H), 2.1 7 (dd, J = 9.2 Hz, 1 H), 1 .81 -1 .68 (m, 2H), 1 .63-1 29 
(m, 16H), 1 .23-1 .10 (m, 2H). MS; es*: 791 .1 (M + H)+, esr: 789.1 (M - H)\ 

EXAMPLE 34F 

[0329] Following the conditions described above in example 34E, but using isobutyl chloroformate, gave the analo- 
gous substituted carbamate intermediate. The crude isolated material was then hydrolyzed to the desired compound 




O 




#819 
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15 1H NMR (400 MHz, DMSO-dg): 5 8.62 (s, 1 H), 8.47-8.27 (bs, 1 H), 8.18 (d, J = 8.6 Hz, 1 H), 7.69-7.60 (m, 1 H), 7.60-7.51 
(m, 1 H), 7.28 (d, J = 6.7 Hz, 1 H), 7.28-7.1 9 (m, 1 H), 5.70-5.60 (m, 1 H), 5.52 (dd, J = 8.3 Hz, 1 H), 5.27 (dd, J = 9.8 Hz, 
1H), 4.63 (d, J = 11.8 Hz, 1H), 4.53-4.44 (m, 2H), 4.10-3.99 (m, 1H), 4.04 (d, J = 6.7 Hz, 2H), 3.95 (s, 3H), 3.94-3.87 
(m, 1H), 2.65-2.53 (m, 1H), 2.46-2.34 (m, 1H), 2.16 (dd, J= 8.1 Hz, 1H), 2.03-1.91 (m, 1H), 1.79-1.09 (m, 20H), 0.95 
(d, J = 6.7 Hz, 6H). MS; es+: 8335 (M + H) + , es*: 831 .2 (M - H)\ 



EXAMPLE 35 

Synthesis of compound #908 

25 [0330] Starting with derivative 27a and using the same chemistry as described in example 34, the following saturated 
macrocycle, compound # 908 (Table 9) was obtained. 



1 H NMR (400 MHz, DMSO-de): 5 8.47 (s, 1H), 8.16 (d, J = 10 Hz, 1H), 8.15-8.07 (m, 1H), 7.82-7.63 (m, 2H), 7.53-7.43 
40 (m, 2H), 7.33-7.22 (m, 1H), 7.13 (d, J = 7 Hz, 1H), 5.77-5.65 (m, 1 H), 4.62-4.52 (m, 2H), 4.50-4.4 (m, 1 H), 4.20-4.10 
(m, 1 H), 3.94 (s, 3H), 3.89-3.83 (m, 1 H), 2.59-2.53 (m, 1 H), 2.48-2.40 (m, 1 H), 1 .79-1 .0 (m, 25H);). MS; es+: 735.2 (M 
+ H)+ es-: 733.2 (M - H)\ 

EXAMPLE 35A 

45 

Synthesis of compound #909 

[0331] Using the same procedure as described in example 35 but using available Af-acetylthiourea gave compound 
# 90? (Table 9). 

50 
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15 1H NMR (400 MHz, DMSO-de): 8 8.53-8.41 (m, 2H), 8.20 (d, J= 9.2 Hz, 1 H), 7.68 (bs, 1 H), 7.68 (bs, 1 H), 7.27 (dd, J= 
9.2 Hz, 1H), 7.15 (d, J= 6.4 Hz,1H), 5.67 (bs, 1H), 4.65-4.50 (m, 3H), 4.44-4.37 (m, 1H), 4.21-4.13 (m f 1H), 3.96 (s, 
3H), 3.99-3.86 (m, 1 H), 2.62-2.39 (m, 2H), 2.24 (s, 3H), 1.78-1.67 (m, 3H), 1.67-1.01 (m, 22H). 
MS; es+: 798.0 (M + Na)+ es- 777.0 (M + H) + . 

20 EXAMPLE 35B 

Synthesis of compound #910 

[0332] Using the same procedure as described in example 35 but using available N-ethylthiourea gave compound 
25 #910 (Table 9). 



30 



35 




AO 

1 H NMR (400 MHz, DMSO-de): 5 8.47 (s, 1 H), 8.29 (bs, 1 H), 8.20 (d, J = 9.2 Hz, 1 H), 8.09 (bs; 1 H), 7.87 (s, 1 H), 7.77 
(s, 1H), 7.32 (dd, J = 9.2 Hz, 1H), 7.14 (dd, J = 6.7 Hz, 1H), 5.78 (bs, 1H), 4.58 (dd, J = 8.1 Hz, 2H), 4.43 (bs, 1H), 
4.18-4.12 (m, 1H), 3.97 (s, 3H), 3.87 (d, J = 8.9 Hz, 1H), 3.55-3.46 (m, 2H), 2.63-2.53 (m, 1H), 2.47-2.41 (m, 1H), 
1 .78-1 .00 (m, 25H), 1 .25 (t, J = 7.3 Hz, 3H).). MS; es+: 763.1 (M + H) + , es*: 761 .1 (M-H)". 

45 

EXAMPLE 35C 

Synthesis of compound #911 

50 [0333] Using the same procedure as described in example 35 but using available N-iso-propytthiourea gave com- 
pound # 911 (Table 9). 
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1 H NMR (400 MHz, DMSO-de): 5 8.47 (s, 1 H), 8.29-8.19 (m, 1H), 8.19 (d, J = 92. Hz, 1H), 8.09-8.0 (m, 1H), 7.83 (bs, 
15 1H), 7.74 (bs, 1H) f 7.31 (d, J = 8 Hz, 1H), 7.14 (d, J = 6.4 Hz, 1H), 5.76 (bs, 1H), 4.64-4.53 (m, 2H), 4.44 (bs, 1H), 
4.22-4.09 (rn, 3H), 3.97 (s, 3H), 3.87 (d, J = 8.6 Hz, 1H), 2.63-2.58 (m, 1H), 2.46-2.41 (m, 1H), 1.79-1.10 (m, 24H), 
1 .27 and 1 26 (2 x d, J = 6.5 Hz, 6H). MS; es+: 777.0 (M + H)+ es~: 775.0 (M - H)". 

EXAMPLE 36 

20 

Synthesis of compound #716 
[0334] 



25 




1 H NMR (400 MHz, DMSO-cfe): 6 (ppm): 8.62 (s, 1H), 8.13 (d, J=9.2 Hz, 1H), 7,64-7.54 (m, 2H), 7.47 (d, J=2.6 Hz, 
1 H), 7.1 6 (dd, J=9.2, 22 Hz, 1 H), 7.03 (d, J=6.0 Hz, 1 H), 5.63 (s, 1 H), 5.52 (q, J=9.9 Hz, 1 H), 5.26 (t, J=8.9 Hz, 1 H), 
40 4.62 (d, J=11.45, 1H), 4.45 (dd, J=9:2, 8.27 Hz, 1H),4.02 (m, 1H) 3.93 (s, 3H), 3.7 (dd, J=7.6, 1.0 Hz, 1H), 2.66 (s, 
3H), 2.55-2.65 (m, 1H), 2.35-2.45 (m, 1H), 2.17 (q, J=8.6 Hz, 1H), 1.65-1.75 (m, 2H), 1.5-1.35 (m, 7H), 1.15 (s, 9H). 
MS: 705. (M-M),703(M-1) 
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EXAMPLE 37 

Synthesis of compound #717 
5 [0335] 




20 

1 H NMR (400 MHz, DMSO-de): 8 (ppm): 8.62 (s, 1 H), 8.15 (d, J=8.9 Hz, 1 H), 7.62 (s, 1 H), 7.49 (s, 1 H), 7.1 9 (dd, J=9.2, 
2.2 Hz, 1H), 7.02 (d, J=5.4 Hz, 1H), 5.64 (s, 1H), 5.52 (q, J-9.9 Hz, 1H), 5.26 (t, J=9.2 Hz, 1H),4.63 (d, J=11.44, 1H), 
4.45 (t, J=9.2 Hz, 1 H), 3.94 (s, 3H), 3.9-3.8 (m, 1 H),2.7-2.55 (m, 1 H), 2.4-2.3 (m, 1 H), 2.1 8 (q, J=8.9 Hz, 1 H), 1 .75-1 .65 
(m, 2H), 1 .5-1 .2 (m, 7H), 1 .14 (s, 9H). 
25 MS : 705. (M+1), 703 (M-1). 

EXAMPLE 38 

Synthesis of compound #718 

30 

[0336] 



35 



40 




45 



1 H NMR (400 MHz, DMSO-de): 8 (ppm): 9.55 (s, 1H), 8.63 (s, 1H), 8.43 (s, 1H), 8.13 (d, J = 9.2 Hz, 1H), 7.66 (s, 1H), 
7.46 (s, 1H), 7.32 (d, J = 2.6 Hz, 1H), 7.10-7.07 (m, 2H), 5.64-5.54 (m, 1H), 5.59-5.48 (m, 1H), 5.33-5.23 (m, 1H), 
4.73-4.61 (m, 1H), 4.45 (dd, J = 7.5, 9.1 Hz, 1H), 4.094.00 (m, 1H), 3.92 (s, 3H), 3.93-3.83 (m, 1H), 2.67-2.55 (m, 
so 2H), 2.53-2.43 (m, 1 H), 2.42 : 2.31 (m, 1 H), 2.23-2.12 (m,1 H), 1 .81 -1 .66 (m, 2H) P 1 .52-1 .42 (m, 2H), 1 .42-1 .25 (m, 6H), 
1.21 (s,9H). 

MS: 689.3 (M+1), 687.3 (M-1) 
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EXAMPLE 39 

Synthesis of compound #722 
5 [0337] 



10 



15 




20 1H NMR (400 MHz, DMSO-ay: 6 (ppm): 9.70 (s, 1H), 8.64 (s, 1H), 8.26 (s, 1H), 8.14 (d, J = 9.2 Hz, 1H), 7.46 (s, 1H), 
7.30 (d, J = 2.5 Hz, 1H), 7.14-7.06 (m, 2H), 5.60-5.54 (m, 1H), 5.58-5.48 (m, 1H), 5.31-5.23 (m, 1H), 4.71-4.62 (m, 
1H), 4.49-4.40 (m, 1H), 4.08-3.99 (m, 1H), 3.92 (s, 3H), 3.92-3.84 (m, 1H)j 2.69-2.54 (m, 2H), 2.53-2.46 (m, 1H), 
2.42-2.31 (m, 1 H), 2.37 (s, 3H), 2.22-2.1 3 (m, 1 H), 1 .81 -1 .64 (m, 2H), 1 .54-1 .42 (m, 2H), 1 .42-1 .27 (m, 6H), 1 .22 (s, 9H). 
MS: 703.3 (M+1), 701.3 (M-1) 

25 

EXAMPLE 40 

Synthesis of compound #733 ( 
30 [0338] 



35 



40 




1 H NMR (400 MHz, DMSO-dy: 5 (ppm): 8.75 (m, 1 H), 8.62 (s, 1 H), 8.06 (d, J=9.2 Hz, 1 H), 7.88-7.87 (m, 1 H), 7.48 (s, 
1H), 728 (d, J=2.6Hz, 1H), 7.05-7.00 (m, 2H), 6.64-6.63 (m, 1H), 5.62-5.58 (m, 1H), 5.55-5.49 (m, 1H), 5.28-5.24 (m, 
1H), 4.64-4.61 (m, 1H), 4.48-4.44 (m, 1H), 4.07^.03 (m, 1H), 3.91 (s, 3H), 3.92-3.85 (m, 1H), 2.67-2.54 (m, 2H), 
2.53-2.45 (m, 1 H), 2.41-2.34 (m, 1 H), 2.20-2.1 4 (m, 1 H), 1 .75-1 .69 (m, 2H), 1 .50-1 .43 (m, 2H), 1 .41 -1 .32 (m, 6H), 1 .17 
so (s, 9H). 

MS : 689.3 (M+1), 687.2 (M-1) 
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Synthesis of compound # 703 
5 [0339] 



w 



15 




20 

1H NMR (400 MHz, DMSO-ds): 5 8.50 (s, 1H), 8.19 (s, 1H), 8.17 (s, 1H), 8.11-8.00 (m, 1H), 7-88-7.77 (m, 1H), 7.73 
(s, 1 H), 7.25 (d, J = 8.6 Hz, 1 H), 6.93 (d, J = 6 Hz, 1 H), 5.89-5.68 (m, 1 H), 4.62 (d, J = 1 1 Hz, 1 H), 4.53 (dd, J = 8.3 
Hz, 1H), 4.16^.07 (m, 1H), 3.96 (s, 3H), 3.88 (bd, J = 9.5 Hz, 1H), 3.53-3.43 (m, 2H), 2.63-2.51 (m, 1H), 2.46-2.36 
(m, 1H), 1.81-1.62 (m, 2H), 1.60-1.01 (m, 15H), 1.24 (t, J = 7.4 Hz, 3H), 1.17 (s, 9H). 
25 MS; es+: 751 .1 (M + H) + , es': 749.1- (M - H)\ 

EXAMPLE 42 

Synthesis of compound #734 

30 

[0340] 



35 



40 




*H NMR (400 MHz, DMSOdg): 5 (ppm): 8.62 (s, 1H), 8.54 (s, 1H), 8.04 (d, J=9.2 Hz, 1H), 7.70 (s, 1H), 7.43 (s,.1H), 
7.24 (d, J=2.6Hz, 1 H), 7.05-6.98 (m, 2H), 5.57-5.54 (m, 1 H), 5.55-5.48 (m, 1 H), 5.28-554 (m, 1 H), 4.63-4.59 (m, 1 H), 
4.47-4.43 (m, 1 H), 4.13-3.99 (m, 1 H), 3.90 (s, 3H), 3.92-3.83 (m, 1 H), 2.67-2.55 (m, 2H), 2.53-2.46 (m, 1 H), 2.43-2.31 
so (m, 1H), 2.22-2:15 (m, 1H), 2.15 (3H), 1.75-1.70 (m, 2H), 1.51-1.42 (m, 2H), 1.41-1.28 (m, 6H), 1.17 (s, 9H). 
MS: 703.2 (M+1), 701.3 (M-1) 
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EXAMPLE 43 

Synthesis of compound #738 
5 [0341] 



10 



15 




20 1h NMR (400 MHz, DMSO-dg): 6 (ppm): 8.64 (d, J = 2.5 Hz, 1H) t 8.62 (s, 1H), 8.04 (d, J = 9.2 Hz, 1H), 7.39 (s, 1H), 
7.24 (d, J = 2.5 Hz, 1 H), 7.04 (d t J = 6.0 Hz, 1 H), 6.99 (dd, J = 2.2, 9.2 Hz, 1 H), 6.43 (d, J = 2.2 Hz, 1 H), 5.62-5.57 (m, 
1H), 556-5.47 (m, 1H), 5.31-5.22 (m, 1H), 4.65-4.56 (m t 1H), 4.45 (dd, J = 7.6,8.9 Hz, 1H), 4.07-4.00 (m, 1H), 3.90 
(s, 3H), 3.88-3.84 (m f 1H), 2.68-2.56 (m, 2H), 2.54-2.43 (m, 1H), 2.42-2.31 (m, 1H), 2.34 (s, 3H), 2.24-2.14 (m, 1H), 
1 .80-1 .64 (m, 2H), 1 .52-1 .43 (m, 2H), 1 .43-1 .27 (m, 6H), 1 .1 8 (s, 9H). 

25 MS: 703.2 (M+1 ), 701 .2 (M-1 ) 

EXAMPLE 44 

Synthesis of compound #725 

30 

[0342] 



35 



40 




*H NMR (400 MHz, DMSO-dg): 8 (ppm): 8.62 (s, 1H), 8.10 (d, J=9.2 Hz, 1H), 7.57 (s, 1H), 7.49 (s, 1H), 7.35 (d, J=2.2 
Hz, 1H), 7.09-7.03 (m, 2H), 5.65-5.61 (m, 1H), 5.55-5.49 (m, 1H), 5.28-5.24 (m, 1 H), 4.62-4.57 (m, 1H), 4.49-4.45 (m, 
1H), 4.08-4.01 (m, 1H), 3.93 (s, 3H), 3.92-3.86 (m, 1H), 3.20-3.14 (m, 1H), 2.65-2.56 (s, 1H), 2.53-2.47 (m, 1H) 
2.42-2.35 (m, 1H), 2.22-2.15 (m, 1H), 1.79-1.68 (m, 2H), 1.50-1.43 (m, 2H), 1.41-1.28 (m, 12H), 1.18 (s, 9H). 
so MS : 748.2 (M+1), 746.2 (M-1) 
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Synthesis of compound #726 
5 [0343] 



w 



15 




20 1 H NMR (400 MHz, DMSO-ds): 5 (ppm): 8.64 (s, 1 H), 8.1 0 (d p J=9.5 Hz, 1 H), 7.83-7.76 (m, 2H), 7.60 (s, 1 H), 7.44-7.42 
(m, 1H), 7.18-7.01 (m, 2H), 5.56-5.49 (m, 2H), 5.29-5.24 (m, 1H), 4.66-4.63 (m, 1H), 4.47-4.42 (m, 1H), 4.28 (s, 3H) f 
4.06-4.02 (m, 2H), 3.94 (s, 3H), 3.93-3.86 (m, 1H), 2.66-2.55 (m, 2H), 2.42-2.31 (m, 2H), 2.22-2.14 (m, 1H) f 1.79-1 .65 
(m, 2H), 1 .52-1 .27 (m, 7H), 1 22 (s, 9H). 
MS: 703.2 (M+1), 701 .3 (M-1) 

25 

EXAMPLE 46 

Synthesis of compound #906 
30 [0344] 



35 



AO 




1 H NMR (400 MHz, DMSO-d 6 ): 8 (ppm): 8.46 (s, 1 H), 8.06 (d, J=9.2 Hz, 1 H), 7.57 (s, 1H), 7.49 (s, 1 H), 7.34 (m, 1H), 
7.14-7.05 (m, 2H) ( 5.63-5.58 (m, 1H), 4.66-4.61 (m, 1H), 4.54-4.44 (m, 2H),4.23-4.18 (m, 1H) 3.93 (s, 3H), 3.92^3.88 
(m, 1H), 3.21-3.14 (m, 1H), 2.44-2.33 (m, 1H), 1.35 (d, J=7Hz, 6H), 1.73-1.01 (m, 26H) 
MS : 762.0 (M+1), 759.9 (M-1) 
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EXAMPLE 47 



Synthesis of compound #907 



5 



[0345] 




10 



15 



OH 



1H NMR (400 MHz, DMSO-de): 5 (ppm): 8.46 (s, 1H), 7.98 (d, J=8.9 Hz, 1H), 7.91-7.89 (m, 2H), 7.23-7.21 (m, 2H), 
20 7.07-7.00 (m. 2H), 6.35-6.32 (m, 2H), 5.64-5.58 (m, 1H), 4.65-4.61 (m, 1H), 4.53^.47 (m, 2H),4.24-4.19 (m, 1H) 3.90 
(s, 3H), 3.86-3.84 (m, 1 H), 2.40-2.33 (m, 1 H), 1 .73-1 .01 (m, 26H). 
MS: 702.0 (M+1), 699.9 (M-1) 

EXAMPLE 48 

25 

Full-length NS3-NS4A heterodimer protein fluorogentc assay 

[0346] The NS2-NS5B-3'non coding region was cloned by RT-PCR into the pCR®3 vector (Invrtrogen) using RNA 
extracted from the serum of an HCV genotype 1 b infected individual (provided by Dr. Bernard Wiilems, H6pitaJ St-Luc, 

30 Montreal, Quebec, Canada). The NS3-NS4A region (NS3-NS4AFL) was then subcloned by PCR into the pFastBac™ 
HTa baculovirus expression vector (Gibco/BRL). The vector sequence includes a region encoding a 28-residue N- 
terminal sequence which contains a hexahistidine tag. The Bac-to-Bac™ baculovirus expression system (Gibco/BRL) 
was used to produce the recombinant baculovirus. His-NS3-NS4AFL was expressed by infecting 10 6 Sf21 cells/mL 
with the recombinant baculovirus at a multiplicity of infection of 0.1-0.2 at 27°. Authentic auto-proteolysis occurs during 

35 expression to produce a non covalent and stable NS3-NS4A protein complex (referred to as full-length "FL"). The 
infected culture was harvested 48 to 64 h later by centrifugation at 4°. The cell pellet was homogenized in 50mM 
NaPO*, pH 7.5, 40% glycerol (w/v), 2mM p-mercaptoethanol, in presence of a cocktail of protease inhibitors. 
His-NS3-NS4AFL was then extracted from the cell lysate with 1 .5% NP-40, 0.5% Triton X-100, 0.5M NaCI, and a 
DIMase treatment. After ultracentrifugation, the soluble extract was diluted 4-fold and bound on a Pharmacia Hi-Trap 

40 Ni-chelating column. The His-NS3-NS4AFL was eluted in a >90% pure form (as judged by SDS-PAGE), using a 50 to 
400 mM imidazole gradient. The His-NS3-NS4AFL was stored at -80° in 50 mM sodium phosphate, pH 7.5,10% (w/ 
v) glycerol, 0.5 M NaCI; 0.25 M imidazole, 0.1% NP-40. It was thawed on ice and diluted just prior to use. 
[0347] The protease activity of His-NS3-NS4AFL was assayed in 50 mM Tris-HCI, pH 8.0, 0.25 M sodium citrate, 
0.01 % (w/v) n-dodecyl-p-D-maltoside, 1 mM TCEP. Five (5) u,M of the internally quenchedsubstrateanthranilyl-DDIVPA- 

45 bu[C(0)-0]-AMY(3-N02)TW-OH in presence of various concentrations of inhibitor were incubated with 1.5 nM of 
His-NS3-NS4AFL for 45 min at 23°. The final DMSO concentration did not exceed 5.25%. The reaction was terminated 
with the addition of 1 M MES, pH 5.8. Fluorescence of the N-terminal product was monitored on a Perkin-Elmer LS- 
50B fluorometer equipped with a 96-well plate reader (excitation wavelength: 325 nm; emission wavelength: 423 nm). 
[0348] The % inhibition was calculated with the following equation: 



[0349] A non-linear curve fit with the Hill model was applied to the inhibition-concentration data, and the 50% effective 
55 concentration (IC^) was calculated by the use of SAS software (Statistical Software System; SAS Institute, Inc. Cary, 



50 



100 - [(fluo^-fluo^yffluo^-fluo^x 100] 



N.C.). 
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EXAMPLE 49 

Recombinant HCV NS3 protease radiometric assay 

5 [0350] The substrate used for the HCV NS3 protease radiometric assay, DDIVPC-SMSYTW, is cleaved between the 
cysteine and the serine residues by the enzyme. The sequence DDIVPC-SMSYTW corresponds to the NS5A/NS5B 
natural cleavage site in which the cysteine residue in P2 has been substituted for a proline. The peptide substrate 
DDIVPOSMSYTW and the tracer biotin-DDIVPOSMSp^l-YJTW were incubated with the recombinant NS3 protease 
in the absence or in the presence of inhibitors. The separation of substrate from products was performed by adding 

10 avidin-coated agarose beads to the assay mixture followed by filtration. The amount of SMS[ 125 I-YJTW product found 
in the filtrate (with or without inhibitor) allowed for the calculation of the percentage of substrate conversion and of the 
percentage of inhibition. 

A. Reagents 

15 

[0351] Tris and Tris-HCI (UltraPure) were obtained from Life Technologies. Glycerol (UltraPure), MES and BSA were 
purchased from Sigma®. TCEP was obtained from Pierce, DMSO from Aldrich® and NaOH from Anachemia®. 
[0352] Assay buffer: 50 mM Tris-HCI, pH 7.5, 30% (w/v) glycerol, 2% (w/v) CHAPS, 1 mg/mL BSA, 1 mM TCEP 
(TCEP added just prior to use from a 1 M stock solution in water). 
20 [0353] Substrate: DDIVPOSMSYTW, 25 uJvl final concentration (from a 2 mM stock solution in DMSO stored at 
-20°C to avoid oxidation). 

[0354] Tracer, reduced mono-iodinated substrate(biotin-DDIVPOSMS[ 125 l-Y]TvV) (« 1 nM final concentration). 
[0355] HCV NS3 protease type 1b, 25 nM final concentration (from a stock solution in 50 mM sodium phosphate, 
pH 7.5,10% glycerol, 300 mM NaCI, 5 mM DTT, 0.01% NP-40). 

25 

B. Protocol 

[0356] The assay was performed in a 96-well polypropylene plate. Each well contained: 

30 20 uL substrate/tracer in assay buffer; 

10 u.L ± inhibitor in 20% DMSO/assay buffer; 
10 uL NS3 protease 1 b. 

[0357] Blank (no inhibitor and no enzyme) and control (no inhibitor) were also prepared on the same assay plate. 
35 [0358] The enzymatic reaction was initiated by the addition of the enzyme solution and the assay mixture was incu- 
bated for 60 min at 23°C under gentle agitation. Twenty (20) \iL of 0.025 N NaOH were added to quench the enzymatic 
reaction. 

[0359] Twenty (20) uL of avidin-coated agarose beads (purchased from Pierce®) were added in a Millipore® MADP 
N65 filtration plate. The quenched assay mixture was transferred to the filtration plate, and incubated for 60 min at 
40 23°C under gentle agitation. 

[0360] The plates were filtered using a Millipore® Multiscreen Vacuum Manifold Filtration apparatus, and 40 uL of 
the filtrate was transferred to an opaque 96-well plate containing 60 ul of scintillation fluid per well. 
[0361] The filtrates were counted on a Packard® TopCount instrument using a 125 l-liquid protocol for 1 minute. 
[0362] The %inhibition was calculated with the following equation: 

45 

lOO^counts^-countSb^ytcounts^-countSya^) x 100] 

[0363] A non-linear curve fit with the Hill model was applied to the inhibition-concentration data, and the 50% effective 
50 concentration (IC^ was calculated by the use of SAS software (Statistical Software System; SAS Institute, Inc., Cary, 
N.C.). 

EXAMPLE 50 

55 Specificity assays 

[0364] The specificity of the compounds was determined against a variety of serine proteases: human leukocyte 
elastase, porcine pancreatic elastase and bovine pancreatic a-chymotrypsin and one cysteine protease: human liver 
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cathepsin B. In all cases a 96-well plate format protocol using a chromogenic substrate specific for each enzyme was 
used. Each assay Included a 1 h enzyme-inhibitor pre-incubation at RT followed by addition of substrate and hydrolysis 
to «30% conversion as measured on a UV Thermomax® microplate reader or a fluorescence Perkin-Elmer® LS50B 
plate reader. Substrate concentrations were kept as low as possible compared to K M to reduce substrate competition. 
5 Compound concentrations varied from 300 to 0.06 u.M depending on their potency. 
[0365] The final conditions for each assay were as follows: 

50mM Tris-HCI pH 8, 0.5 M NagSO*, 50 mM NaCi, 0.1 mM EDTA, 3% DMSO, 0.01% Tween-20 with; 
[1 00 u.M Succ-AAPF-pNA and 250 pM a-chymotrypsin] f [1 33 u.M Succ-AAA-pNA and 8 nM porcine elastase], [1 33 
io uM Succ-AAV-pNA and 8 nM leukocyte elastase]; or 

[100 mM NaHP0 4 pH 6, 1 mM EDTA, 3% DMSO, 1mM TCEP, 0.01% Tween-20, 4 u.M Z-FR-AMC (7-amino- 
4-methylcoumarin) and 0.5 nM cathepsin B (the stock enzyme was activated in buffer containing 20 mM TCEP 
before use)]. 

is [0366] A representative example is summarized below for porcine pancreatic elastase: 

[0367] In a polystyrene flat-bottom 96-weI! plate (Cellwells, Coming) were added using a Biomek liquid handler (Beck- 
man): 

40 uL of assay buffer (50 mM Tris-HCI pH 8, 1 M NagSO* 50 mM NaCI, 0.1 mM EDTA); 
20 20 u.L of enzyme solution (50 mM Tris-HCI pH 8, 50 mM NaCI, 0.1 mM EDTA, 0.02% Tween-20, 40 nM porcine 

pancreatic elastase); and 

20 u.L of inhibitor solution (50 mM Tris-HCI, pH 8, 50 mM NaCI, 0.1 mM EDTA, 0.02% Tween-20,1 .5 mM-0.3 jiM 
inhibitor, 15%v/vDMSO). 

25 [0368] After 60 min pre-incubation at RT, 20 u.L of substrate solution (50 mM Tris-HCI, pH 8, 0.5 M NagSO* 50 mM 
NaCI, 0.1 mM EDTA, 665 jiM Succ-AAA-pNA) were added to each well and the reaction was further incubated at RT 
for 60 min after which time the absorbance was read on the UVThermomax® plate reader. Rows of wells were allocated 
for controls (no inhibitor) and for blanks (no inhibitor and no enzyme). The sequential 2-fold dilutions of the inhibitor 
solution were performed on a separate plate by the liquid handler using 50 mM Tris-HCI pH 8, 50 mM NaCI, 0.1 mM 

30 EDTA, 0.02% Tween-20,15% (v/v) DMSO. All other specificity assays were performed in a similar fashion. 
[0369] The percentage of inhibition was calculated using the formula: 

[l-WUV^-UV^^UV^-UV^))] x 100 

35 

[0370] A non-linear curve fit with the Hill model was applied to the inhibition-concentration data, and the 50% effective 
concentration (IC^ was calculated by the use of SAS software (Statistical Software System; SAS Institute, Inc., Cary, 
N.C.). 

40 EXAMPLE 51 

NS3 Protease Cell-based assay 

[0371] This assay is done with Huh-7 cells, a human cell line derived from a hepatoma, co-transfected with 2 DNA 
45 constructs: 

one (called NS3) expressing part of the HCV non-structural polyprotein fused to the tTA protein through an 
NS5A-NS5B cleavage site in the following order NS3-NS4A-NS4B-NS5A-(NS5B)tTA where (NS5B) represents 
the 6 first amino acids of NS5B. This polyprotein is expressed under the control of the CMV promoter, the other 
so (called SEAP) expressing the reporter protein, secreted alkaline phosphatase (SEAP), under the regulation of a 

tTA-responsive promoter. 

[0372] The first construct leads to the expression of a polyprotein from which the different mature proteins are re- 
leased through cleavage by the NS3 protease. It is believed that the mature viral proteins forms a complex at the 
55 membrane of the endoplasmic reticulum. tTA is a fusion protein, described by Gossen and Bujard (Proc. Natl. Acad. 
Sci. USA 89 (1992): 5547-5551), which contains a DNA-binding domain and a transcriptional activator. Release of the 
tTA protein requires an NS3-dependent cleavage at the NS5A-NS5B cleavage site between NS5A and itself. This last 
cleavage allows tTA to migrate to the nucleus and transactivate the SEAP gene. Therefore, reduction of NS3 proteolytic 
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activity leads to confinement of tTA to the cytoplasm and concomitant decrease in SEAP activity. 
[0373] To control for cellular activities other than inhibition of NS3 protease which are due to the compound, a parallel 
co-transf ection is done with a construct expressing tTA alone and the same reporter construct such that SEAP activity 
is independent of the N S3 protease. 
5 [0374] Protocol of the assay: Huh-7 cells, grown in CHO-SFMII (Life Technologies) + 1 0% FCS (fetal calf serum) 
were co-transfected with the two DNA constructs in the following proportions: 

[0375] 7 u.g NS3+ 500ng SEAP + 800uJ FuGENE (Boehringer Mannheim) per 4 X 1 0 6 Huh-7 cells. After 5 hours at 
37°C, the cells were washed, trypsinized and plated (at 80 000 cells/well) in 96-well plates containing a range of 
concentrations of the compounds to be tested. After a 24-hour incubation period, the SEAP activity in the medium was 
io measured with the Phbspha-Light kit (Tropix). 

[0376] Analysis of the percent Inhibition of SEAP activity with respect to compound concentration was performed 
with the SAS software to obtain the EC^. 

TABLES OF COMPOUNDS 

15 

[0377] The following tables list compounds representative of the invention. 

[0378] All compounds listed in Tables 1 to 9 were found to be active in the enzymatic assay presented in Example 
48. A number accompanied by an asterisk (*) represents enzymatic activity obtained with the radiometric assay pre- 
sented in Example 49 with IC^'s under 50\xM. In these enzymatic assays, the following grading was used: A £ 1p.M; 

20 1u,M>B>0.1u.M; andC^O.IfiM. 

[0379] Several compounds were tested in the specificity assays presented in Example 50 and were found to be 
specific for the NS3 protease. In general, the results from the different specificity assays are the following: HLE >300jiM; 
PPE >300jiM; a-Chym. >300 uJA; Cat. B>300 u.M; indicating that these compounds are highly specific toward the HCV 
NS3 protease and are not expected to exhibit serious side-effects. In addition, certain of these compounds were tested 

25 in the cell-based assay described in Example 51 and were found to have activity with an ECso below 1 OjiM, strongly 
indicating that these compounds can cross the cell membrane. Particularly, compounds of Tables 7, 8 and 9 have been 
assessed in the cellular assay and the result indicated in the last column. In this cellular assay, the following coding 
was used: A >1p,M; B ^ 1u.M. 

[0380] The following abbreviations are used within the following tables: 
30 [0381] MS: Electrospray mass spectral data; m/z MH+ except when otherwise indicated by an asterisk* = m/ z Mhh 
Ac: acetyl; Bn: benzyl; Boc: fe/T-butyloxycarbonyl; Ph: phenyl; Pn propyl. 



35 



AO 



45 



50 



55 



EP 1437 362 A1 



TABLE 1 




single stereoisomer at R 



Cpd. 
# 


double 
bond 


D-R 1 bond 
stereochem 


R 22 


MS 


enzyme 
activity. 


101 


12,13- 
trans 


lH,Dsynto 
amide 


phenyl 


685.8 


A* 


102 


none 


1R, D syn to 
acid 


phenyl 


687.2 


C 


103 


none 


1RT> syn to 
amide 


phenyl 


687.2 


A* 
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TABLE 2 




single stereoisomer at R 



Cpd 
# 


R3 


R 4 


double 
bond 


D-R»bond 
stereochem 


R M 


R 22 


MS 


enz. 
act 


202 


NH-Bpc 


H 


11,12-trans 


IRorlS, 
D synto 
acid 


H 


H 


593.7 


B 


203 


NH-acetyl 


H 


11,12-frons 


IRorlS, 
D synto 
acid 


H 


H 


535.6 


A 


205 


NH-Boc 


U-OH 
12-OH 
cis 


none 


IRorlS, 
D synto 
acid 


H 


H 


627.7 


B 


206 


NH-Boc 


H 


13,14nds 


IK, D syn to 
acid 


H 


H 


593.7 


C 


207 


NH-Boc 


H 


13,14ds 


1R, D syn to 
acid 


OMe 


H 


623.7 


C 


208 


NH-Boc 


H 


13,14-cis 


1R, D syn to 
acid 


OMe 


phenyl 


699.8 


C 


209 


NH-C(0)- 
NH-tBu 


H 


13,14-cis 


1R, D syn to 
acid 


OMe 


phenyl 


698.8 


C 
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Cpd 

# 


R3 


R 4 


double 
bond 


D-^bond 
stereochem 


R* 


R 22 


MS 


enz. 
act. 


11 ft 

Z1U 


iNrl-DOC 


n 


11 1 A ~r 

10 / L t trClS 


iC T) Q\m to 
acid 


OMe 


phenyl * 


699.8 


A* 


211 


NH2 


TT 

rl 


111 As~lc 


ixv *J syn iu 
acid 


OMp 


phenyl 


599.7 


c 


213 


OH 

(one 

isomer) 


H 


13,14-os 


1R, D syn to 
acid 


OMe 


H 


524.6 


B | 


214 


NH-Boc 


10-oxo 


13,14-os 


1R, D syn to 
acid 


OMe 


phenyl 


713.8 


C 


215 


NH-Boc 


H 


none 


1R, D syn to 
acid 


OMe 


phenyl 


701.8 


C 


217 


NH-Boc 


10-OH 

(mixt 

dia 

stereo) 


13,14-ds 


1R, D syn to 
acid 


OMe 


phenyl 


715.8 


c 


218 


NH-Boc 


10- 

oxo 




1R, D syn to 
amide 


OMe 


phenyl 


713.8 


c 


219 


NH-Ac 


H 


none 


1R, D syn to 
acid 


OMe 


phenyl 


643.2 


C ' ! 


220 


NH-Boc 


H 


13,14-cis 


1R, D syn to 
amide 


OMe 


x> 


706 T 2 


c 
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TABLE 3 




single stereoisomer at R 



Cpd. 
# 


R3 


-D- 


D-R 1 bond 
stereochcm 


R 21 


R 22 


MS 


enz 
act 


301 


NH- 
Boc 


\ 16 

• \ — ^ 

12 13 


IRorlS, 
Dsyn to 
acid 


H 


H 


621.7 


B 


302 


NH- 
Boc 


7 

B 10 11 


lR,T>$yn 
to amide 


OMe 


Ph 


671 


A 


303 


NH- 
Boc 


8 10 « 14 ^ 


lR,U$yn 
to amide 


OMe 


Ph 


7013 


B 


304 


NH- 
Boc 


••"Wv^" 

1° 12 


1R, Dsyn 
to acid 


OMe 


Ph 


711.1 


C 


305 


HO 


\ 9 11 I 


lR,Dsyn 
to acid 


OMe 


Ph 


602.2 


B 


306 


NH- 
Boc 


\ 11^-»12 


lR,Dsyn 
to amide 


OMe 


Ph 


673.2 


A* 
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Cpd, 
# 


R3 


-D- 


D-R 1 bond 
stereochem 


R a 


R 22 


MS 


enz 
act 


307 


NH- 




1J?, Dsyn 


OMe 




H 


/-» 




Boc 




to acid 














8 10 M 
























777 




308 


NH-Ac 


10 V- s 


12?> Dsyn 
to acid 


OMe 


OEt 


609.2 


c 



TABLE 4 




^COOH 



D-R 1 bond syn to the acid 



R 4 ' 




Cpd 
# 


R4 


9-X 


11,12 

double 

bond 


MS 


enzyme 
activity. 


401 


H 


CH2 


trans 


699.3 


c . 


402 


H 


CH2 


ris 


699.4 


B 


403 


H 


O 


trans 


701.3 


C 


404 




O 


trans 


715.3 


B 
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Cpd 


R 4 


9-X 


11,12 


MS 


enzyme 




# 






double 




activity. 


5 








bond 








405 


/ 

Me 


o 


trans 


715.2 


C 














10 














406 


H 


o 


none 


703.3 


c 




407 




O 


none 


717.3 


B 


15 




Me 












408 


/ 

Me 


O 


none 


717.3 


C 














20 


409 


/ 

Me 


o 


cis 


715.2 


B 














25 


410 


/ 

Me 


s 


trans 


731.3 


C 














30 


411 


/ 

Me 


s 


cis 


731.3 


A* 




412 


8-(Me)2 


9-S 


cis 


745.3 


A 
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40 



45 
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TABLE 5 




D-R 1 bond syn to the acid 



Cpd 
# 


10-X 


11-X 


12-X 


MS 


enzyme 
activity. 


501 


CH2 


O 


CH2 


703.2 


C 


502 


CH2 


CH2 


CH2 


701 


C 


503 


CH2 


CH2 


NH 


7023 


A 


504 


CH2 


CH2 


N(Me) 


716.3 


A* 


505 


CH 2 


CH2 


N(CO)Me 


744.3 


6 


506 


CH2 


CH2 


N(CO)Ph 


806.3 


B 


507 


NH 


CH2 


CH2 


702.3 


C 


508 


N(CO) 
Me 


CH2 


CH2 


744.3 


C 
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TABLE 6 




bond syn to the acid 



Cpd# 


R 21 


R22 


MS 


enzyme 
activity. 


601 


N(Me)2 




776.2 


C 


602 


OH 


(CF 3 ) 


675.2* 


C 


603 


OMe 




690.1 


C 
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TABLE 7 




D-R 1 bond syn to the acid 



Cpd# 


R 4 


X 9 ;X 10 ''or 
X ll 


13,14 

double 

bond 


R 22 


MS ! 


cell, 
act 


701 


H 


ll-O 


Cis 


phenyl 


701.3 


A 


702 


H 


CH2 


Cis 




763.1 


B 


703 


H 


CH2 


None 




751.4 


B 


704 


H 


CH2 


Cis 


X? 


700.3 


B 


705 


H 


CH2 


Cis 




706.2 


B 


707 


H 


CH2 


Cis 




748.2 


B i 


708 


H 


CH2 


Cis 




749.2 


B 
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Cpd# 




X?;X 1( *or 

A 


13,14 

double 

bond 


R22 


MS 


cell, 
act 


709 


H 


CH2 


None 




765.2 


B 


710 


H 


CH2 


None 




750.1 1 


B 


711 


H 


CH2 


None 




702.2 


B 


712 


H 


CH2 


Cis 


-OEt 


667.3 


B 


713 


H 


CH2 


None 


N— 

— o 

s 


708.1 


B 


714 


H 


CH2 


None 


-OEt 


669.3 


B 


715 


H 


CH2 


Cis 


y 


688.3 


B 


716 


H 


GH2 


Cis 


N 


705.3 


A 


717 


H 


CH2 


Cis 


<>- N 


705.2 


B 


718 


H 


CH2 


Cis 


Cj 


689.3 


B 


719 


H 


CH2 


Cis 


j6 


714.2 


B 
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5 


Cpd# 


R* 


X 9 ;X 10 ''or 
X 11 

.A. 


13,14 

double 

bond 


R 22 


MS 


cell, 
act. 


10 


720 


H 


CH2 


None 




751.2 


B 


15 


721 


H 


CH2 


None 




716.3 


B 


20 


722 


H 


CH2 


Cis 


fa 


703.3 


B 


25 


723 


H 


CH 2 


None 


P 


690.3 


B 


30 


724 


H 


CH2 


None 


H r> 


781.1 


B 


35 


725 


H 


CH2 


Cis 




748.2 


B 


40 


726 


H 


CH2 


as 




703.2 


B 




727 


H 


CH2 


Cis 


-CH2-OMe 


667.3 


A 


45 


728 


H 


CH2 


Cis 


Me 


637.3 


A 


50 


729 


H 


CH2 


Cis 




735.2 


B 



55 



EP 1437 362 A1 



Cpd# 


R 4 


vll 

X" 


13,14 

double 

bond 


R 22 


MS 


cell, 
act. 


730 


H 


CH2 


None 




780.1 


B 


731 


H 


CH2 


Cis 




721.1 


B 


732 


H 


CH2 


Cis 


-0. 


705.3 


A 


733 


H 


CH2 


Cis 




689.3 


6 


734 


H 


CH2 


Qs 


N — N 
/ 


703.2 


B 


735 


H 


CH2 


Cis 




749.2 


B 


736 


H 


CH 2 


Cis 




779.2 


B 


737 


H 




Cis 




730.2 


B 


ZOO 


n 


CH2 






703 2 


B 


739 


io-(R) ; 

Me 


CH2 


None 


Ph 


715.2 


B 


740 


10- (S) 
Me 


CH2 


none 


Ph 


715.3 


B 
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5 


Cpd# 


R 32 




R22 


MS 


*• 

cell, 
act 




807 




H 


OEt 


679.3 


B 


10 


808 


| 


H 


OEt 


653.2 


A 


15 


809 




H 


-CM 


775.1 


B 


20 


810 




H 




761.2 


B 


25 


811 




H 


-of 


747.2 


B 




812 


<v 


H 




733.2 


B 


SO 


813 




H 


OEt 


691.3 


B 


35 


814 




H 




718.3 


B 


40 


815 




H 




726.3 


B 


45 


816 


-tit 


H 




7763 


B 




817 


<V 


H 




760.2 


B 


50 


818 




H 




791.1 


B 
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Cpd# 


R 32 


R 4 


R 22 


MS 


cell, 
act. 


819 




H 


H o 

-en 


.833.2 


B 


820 


I 1 


H 


H 


747.2 


B 


821 




X T 

H 


P 


/UU.V 


r> 
D 


822 




T T 

H 




7/0.4 


T> 

D 


823 




H 




715.2 


B 


824 




10-(R) 
Me 


OEt 


693.0 


B 
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TABLE 9 




D-R 1 bond syn to the acid 



20 


Cpd# 


R 32 


R 4 


R 22 


MS 


cell, 
act. 


25 


901 




H 


OEt 


681.3 


B 


30 


902 




H 




719.9 


B 




903 




H 


ar 


705.9 


B 


35 


904 




H 


A 


703.0 


B 


40 


905 




H 


A" 


689.0 


B 


45 


906 




H 




762.0 


B 


SO 


907 




H 


P 


702.0 


B 
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R 32 


R 4 


R 22 


JV13 


ceii* 
act. 


908 




H 


-CI 


735.2 


B 


909 




H 




777.0 


B 


910 




H 




763.1 


B 


911 




H 




777.0 


B 


912 


□ 


H 




748.9 


B 


913 


□ 


H 




762.9 


B 


914 




H 




749.0 


B 


915 




H 




751.1 


B 


916 




10 (R) 
Me 


OEt 


695.2 


B 



Claims 

1. A compound of formula (I): 
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5 



10 



15 




wherein W is CH orN, 

20 R 21 is H, halo, alkyl, cycloalkyl, haloalkyl, alkoxy, cycioalkoxy, hydroxy, or N(R 23 ) 2 i 

wherein each R 23 is independently H, alkyl or cycloalkyl; 

R22 is H, halo, alkyl, cycloalkyl, haloalkyl, thioalkyl , C 1-6 alkoxy, cycioalkoxy, C 2 . 7 alkoxy- 
alkyl, cycloalkyl, C 6 ^ 10 aryl or Het, wherein Het is a five-, six-, or seven-membered saturated or unsaturated 
heterocycle containing from one to four heteroatoms selected from nitrogen, oxygen and sulfur; 
25 said cycloalkyl, aryl or Het being substituted with R 24 , 

wherein R 24 is H, halo, alkyl, cycloalkyl, C,^ alkoxy, cycioalkoxy, N0 2 , NKR 25 )^ NH-CfOJ-R 25 ; or 
NH-CfOJ-NH-R 25 , wherein each R 25 is independently: H, alkyl or C3_ 6 cycloalkyl; 
or R 24 is NH-CtOJ-OR 26 wherein R 28 is alkyl or cycloalkyl; 

R 3 is hydroxy, NH 2 , or a group of formula - NH-R 31 , wherein R 31 is C 6 „ 10 aryl, heteroaryl, -C^-R 32 , -CfOJ-NHR 32 

30 or -C{0)-OR 32 , 

wherein R 32 is C^ B alkyl or cycloalkyl; 
D is a 5 to 1 0-atom saturated or unsaturated alkylene chain optionally containing one to three heteroatoms inde- 
pendently selected from: O, S, or N-R 41 , wherein R 41 is H, C^ 6 alkyl, cycloalkyl or -C^-R 42 wherein R 42 is 
alkyl, cycloalkyl or C 6 „ 10 aryl; 

35 R 4 is H or from one to three substituents at any carbon atom of said chain D, said substituent independently 

selected from the group consisting of: C^ G alkyl, C,_ 6 haloalkyl, alkoxy, hydroxy, halo, amino, oxo, thio or 
thioalkyl, 
and 

A is an amide of formula -C(0)-NH-R 5 , wherein R s is selected from the group consisting of: alkyl, cy- 
40 cloalkyl 

i C 6 or 10 aryl or aralkyl; 
or A is a carboxylic acid or a pharmaceutically acceptable salt or ester thereof. 

2. A compound of formula I according to daim 1 , wherein said R 1 moiety is selected from the 2 different diastereol- . 
somers represented by structures (i) and (ii): 

45 



so 




D syn to the amide (i), or DsyntoA(ii). 

55 

3. The compound of formula I according to claim 2, wherein D is linked syn to A as represented by formula (ii). 
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4. The compound of formula I according to claim 1 , wherein W is N; 

R 21 is H, C^e alkyl, alkoxy, hydroxy, chloro, or NfR 23 )^ wherein R 23 is H or alkyl; 
R 22 is H, C^e thioalkyl, C,^ alkoxy, phenyl or Het selected from the group consisting of: 




wherein R 24 is H, alkyl, NH-R 25 , NH-CfOJ-R 25 ;, NH-C(0)-NH-R 2 *, 
wherein each R 25 is independently: H, alkyl, or cycloalkyl; 
or NH-C(0)-OR 28 , wherein R 26 is alkyl. 

5. A compound of formula I according to claim 4, wherein R 21 is H or C^ 6 alkoxy. 

6. The compound of formula I according to claim 4, wherein R 22 is alkoxy, phenyl or Het selected from the group 
consisting of: 
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wherein R 24 is H, C^e alky!, NH-R 25 , or NH-C(0)-R 25 ; 

wherein each R 25 is C^e alkyl or cycloalkyl, 
or NH-C(0)-OR 28 , wherein R 26 is as defined in claim 4. 

5 7. A compound of formula I according to claim 6, wherein R 21 is methoxy. 

8. The compound of formula I accordingto claim 7, wherein R 22 is ethoxy, or Het selected from the group consisting of: 




wherein R 24a is NH-R 25 or NH-CfOJ-R 25 , wherein R 25 is alkyl; . 
20 or R 24a is NH-C(0)-OR 26 , wherein R 28 is C^e alkyl, and R 24b is H or C V6 alkyl. 

9. The compound of formula I according to claim 1 , wherein R 3 is an amide of formula NH-CfOJR 32 or a urea of 
formula NH-CfOJ-NH-R 32 or a carbamate of formula NH-CtOJ-OR 32 wherein R 32 is O,^ alkyl, or cycloalkyl. 

25 10. The compound of formula I according to claim 9, wherein R 3 is a urea or a carbamate, wherein R 32 is C V6 alkyl 
or cycloalkyl. 

11. The compound of formula I according to claim to, wherein R 3 is a carbamate and R 32 is terf-butyl, cyclobutyl or 
cyclopentyl. 

30 

12. The compound of formula I according to claim 1, wherein D is a 6 to 8 atom saturated or unsaturated alkylene 
chain optionally containing one or two heteroatoms independently selected from: O, S or N-R 41 , wherein R 41 is H, 

alkyl, orC 2 . 7 acyL 

35 13. The compound of formula I according to claim 12, wherein D optionally contains one heteroatom selected from: 
NH;orN-C 2 _ 7 acyl. 

14. The compound according to claim 13, wherein said heteroatom is selected from: NH or N(Ac). 
40 15. The compound according to claim 1 3, wherein said D chain contains 7 atoms. 

16. The compound according to claim 15, wherein said heteroatom is at position 1 0 of said D chain. 

17. The compound according to daim 13, wherein said D chain is saturated. 

45 

18. The compound of formula I according to claim 12, wherein D is a 6 to 8 atom saturated or unsaturated alkylene 
chain optionally containing one heteroatom selected from: O, or S. 

19. The compound according to claim 18, wherein said D chain contains 7 atoms. 

50 

20. The compound according to claim 19, wherein said heteroatom is at position 9 of said D chain. 

21. The compound according to claim 20, wherein said D chain is substituted at position 8 with R 4 , wherein R 4 is H 
or alkyl. 

55 

22. The compound according to claim 21 , wherein said R 4 is H or methyl. 

23. The compound according to claim 22, wherein said R 4 is H or B-(S)-Me. 
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24. The compound according to claim 23, wherein said D chain is saturated. 

25. The compound according to claim 19, wherein said D chain contains one double bond at position 11,12. 

5 26. The compound according to daim 25, wherein said double bond is trans. 

27. The compound of formula I according to claim 1 2, wherein D Is a 6 to 8 atom, saturated or unsaturated, all carbon 
alkylene chain. 

10 28. The compound of formula I according to claim 27, wherein D is a 7 atom chain. 

29. The compound of formula I according to claim 28, wherein D is saturated. 

30. The compound according to claim 29, wherein said D chain is substituted with R 4 , wherein R 4 is H, oxo, hydroxy, 
15 alkoxy or alkyl. 

31 . The compound according to claim 30, wherein said R 4 is H or alkyl. 

32. The compound according to claim 31 , wherein said R 4 is H or methyl. 

20 

33. The compound according to claim 32, wherein said R 4 is H or 1 0-(S)-Me. 

34. The compound of formula I according to claim 28, wherein D contains one double bond. 

25 35. The compound of formula I according to claim 34, wherein said double bond is at position 1 3,1 4 of said D chain. 

36. The compound of formula I according to claim 35, wherein said double bond is c/s. 

37. The compound according to claim 36, wherein said D chain is substituted with R 4 wherein R 4 is H, oxo, hydroxy, 
30 alkoxy or alkyl. 

38. The compound according to claim 37, wherein said R 4 is H or C^s alkyl. 

39. The compound according to claim 38, wherein said R 4 is H or methyl. 

35 

40. The compound according to daim 39, wherein said R 4 is H or 10-(S)-Me. 

41 . The compound of formula I according to claim 1 , wherein A is a carboxylic acid. 

40 42. A compound according to claim 1 , wherein W is N; 

R* is a group of formula or -NH-C^OJ-NHR 32 or -NH-C(0)-OR32, 
wherein R 32 is C,^ alkyl or cycloalkyl; 

D is a 6 to 8 atom saturated or unsaturated alkylene chain linked to R 1 syn to A, optionally containing one or two 
heteroatoms independently selected from: O, S or N-R 41 , wherein R 41 is H, or C2.7 acyl; 
45 R 4 is H, or from one to three substituents independently selected from hydroxy, or alkyl;. and 

A is a carboxylic acid, or a pharmaceutical ly acceptable salt or ester thereof. 

43. The compound of formula I according to claim 42, wherein R 21 is H or methoxy; 
R 22 is C^e aJkoxy, or Het selected from the group consisting of: 

50 
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wherein R 24 « is H, alkyl, NH-R* NH-C(0)-R 25 ; or NH-CfOJ-NH-R 25 , 

wherein R 25 is: H, C V6 alkyl or cycloalkyl; 
or R 2 «« is NH-CfCO-OR 26 , wherein R 26 is C,^ alkyl or cycloalkyl; 
andR^isHorC^alkyl; 

R 3 is urea of the formula N-CfOVNHR 32 or a carbamate of the formula N-C(0)-OR 32 , wherein R 32 is alkyl or 
C^q cycloalkyl; 

D is a 7-atom alkylene chain optionally containing one double bond at position 11 ,12 or 13,14; 

said D chain optionally containing one heteroatom independently selected from: O, S, NH, N(Me), or N(Ac); and 

R 4 is H or C-,.6 alkyl. 

44. The compound of formula I according to claim 43, wherein R 21 is methoxy, and R 22 is ethoxy or 



25 




wherein R 2 ** is NH-CC^ alkyl); NH-C(O) -(C^ alkyl); NH-CfOJ-CHC^ aikyl); or NH-C(0)-NH-(C w alkyl); 
D is a C7 all carbon chain, saturated or containing one as double bond at position 13,14. 

45. A compound of formula: 

35 



40 



45 




comprising a single stereoisomer at R 1 , wherein said double bond, D-R 1 bond stereochemistry and R 22 are defined 
as follows: 



55 


Cpd.# 


double 


D- R 1 bond 


R 22 : 






bond: 


stereochem: 






101 


12,13- trans 


1R, D syn to amide 


phenyl; 
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(continued) 



Cpd.# 


double 


D- R 1 bond 


R 22 : 




bond: 


stereochem: 




102 


none 


1 R, D syn to acid 


phenyl; 


and 


none 


IRDsynto amide 


phenyl. 


103 









46. A compound of formula: 




comprising a single stereoisomer at R 1 , wherein R 3 , R 4 , said double bond position, D-R 1 bond stereochemistry, 
R 21 and R 22 are defined as follows: 
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20 



25 



30 



35 



AO 



Cpd# R 3. 7r4 : ~ ~ Tdouble :l>Ribond : r21. ; r 22. 

* j 

' bond: stereochemistry: 



5 202 NH-Boc H j 11,12- IRorlS, . H H; 

= trans '. D syn to acid 
."203 " ~NH-acetyl Th ' 11,12- " "JlRoxia H * H; 

10 j ! i trans i D syn to acid j 



205" NH-Boc 11-OH none IRorlS, H H; 

! 12 -° H ; d syn to acid 

! a s _ _ i : . __ .. ; . 

206" NH-Boc :H 1 13,14- . 1R, D syn to acid H , H; 

' cis ' 

'• 207 ' NH-Boc j H ' 13,14- : 1R, D syn to acid ' OMe ; H; 

! j ! ^ 

i"208 NH-Boc [ H ]~13,14-~ i lR/Dsyntoadd j OMe phenyl; 

cis 

209 NH-C(0)-~ r H * 137l4- 1R, D syn to acrid OMe phenyl; 
NH-fflu ! cis 

" 210 NH-Boc 7 H ™ 13,14- I IS, D syn to acid OMe phenyl; 



i 



cts 



n i NH2 ^ H 13,14- 1R, D syn to acid OMe phenyl; 

cis 
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Cpd# 
213 


R 3 : 

OH (one 
isomer) 


R* 

H 


double 

bond: 

1344- 

cis 


D-R 1 bond 
stereochemistry: 
1R, D syn to acid 


OMe 


R 22 : 

H; 


214 


NH-Boc 


10-oxo 


1344- 

cis 

none 


1R, D syn to acid 


OMe 


phenyl; 


215 


NH-Boc 


H 


1R, D syn to acid 


OMe 


phenyl; 


217 * 


NH-Boc 


~* io-6h 

(mixtdia 
4 stereo) 


1344- 

cis 


1R, D syn to acid 


OMe 


phenyl; 


218 


NH-Boc 


' 10-oxo 


"1344- 

cis 
! none 


2R, D syn to amide 


: OMe 


' phenyl; 


219 


" NH-Ac 


Th ~ " 


: 1R, D syn to acid 


' OMe 


. phenyl; 


and 
220 


" NH-Boc 


! 


; 1344r 
! cis 


r 1R, D syn to amide 

i 


. OMe 





47. A compound of formula: 





R 5 ^ 



comprising a single stereoisomer at R 1 , wherein R 3 , D, D-R 1 bond stereochemistry, R 21 and R 22 are defined as 
follows: 



Cpd. # R 3. 
301 ' NH-Boc 



-D-: 




D-R 1 bond R 21 : R 22 : 

stereochemistry: 

lRorlS, ' H ~H;" 

D syn to acid 



u 13 



100 



EP 1 437 362 A1 



Cpd.# 

302 



R 3 : 

NH-Boc 



D-: 



303 NH-Boc 



304 NH-Boc 



305 : HO 



306 NH-Boc 



. * 



307 ! NH-Boc 



and 

I 308 



NH-Ac 



10 11 



D-R 1 bond R 21 : R 22 : 

stereochemistry: 

2R,Dsynto OMe Ph; 

amide 



b w lR,Dsynto OMe Ph; 



T x ^ ft 

9 ri u amide 



ii 




1R, D syn to acid OMe Ph; 



1R, D syn to acid OMe Ph; 



1R,D syn to OMe Ph; 
amide 



lR,Dsyn OMe 
! to acid 



2R, D syn to add OMe OEt. 



12 13 



48. A compound of formula: 




101 



EP 1 437 362 A1 



Cpd# 

401 

402 

403 
404 

~405 

f406 " 



i4. 



X* 



H 
H 



CH2 

CH2 
H O 



! 407 



|408 



' 409 



1410 



;4U 
i 



! and 
412 



Me 



Me 

H 



O 



: O 



Me 



Me 



/ 



i O 



. Me 



/ 



Me 



/ 



/ 

Me 

8-(Me)2 



11,12 

double 

bond: 

trans; 

cis; 

trans; 
trans; 



trans; 



! none; 



none; 



i 



i 



none; 



.! S 



9-S 




CIS. 



49. A compound of formula: 
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5 



10 




wherein said D-R 1 bond is syn to acid, X 10 , X 1V and X 12 are defined as follows: 



20 



30 



Cpd# 


X 10 : 


X t1 : 


X 12 : 


501 


CH 2 


O 


CH 2 ; 


502 


CH 2 


CH 2 


CH 2 ; 


503 


CH 2 


CH 2 


NH; 


504 


CH 2 


CH 2 


N(Me); 


505 


CH 2 


CH 2 


N(CO)Me; 


506 


CH 2 


CH 2 


N(CO)Ph; 


507 


NH 


CH 2 


CH 2 ; 


and 
508 


N(CO)Me 


CH 2 


CH 2 . 



50. A compound of formula: 

35 



40 



45 




so wherein said D-R 1 bond is syn to acid, R 21 and R 22 are defined as follows: 
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51. A compound of formula: 




wherein said D-R 1 bond is synto acid, R* Xg, X 10 , X^, said 13,14 double bond and R 22 are defined 

Cpd# R 4L XvXwot " 13,14 double bond: R 22. 

Xii: 

~701 H ■ ll-O ' ' Cls phenyl; 
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Cpd# R 4. 

714 H 

715 H 

716 H 

717 H 

718 H 

719 H 



X9; Xiff or 

Xn: 

CH2 

CH2 



CH2 



13,14 double bond: R 22. 



CH2 



ICH2 



CH2 



None 
Cis 

Cis 
"Cis 
Cis 

Cis 



-OEt; 

o 

H 

o 



720 H 



721 H 



CH2 



CH2 



None 



None 



722 H 



723 H 



!CH2 



CH 2 



Cis 



None 



J 



P 
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C P d# R*: Xr,Xi<y oi UK double bond: R 2Z 

Xn: 




52. A compound of formula: 



wherein said D-R 1 bond is 



108 




syn to acid, said 13,14 double bond is c*s, R 32 , R 4 and R 22 are defined as follows: 
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Cpd# R 3Z 
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Cpd# 



R* 2 : 



R 4 : 



R 22 : 



and 




10 (R) Me 



OEt 



916 



54. A method of inhibiting the replication of hepatitis C virus by exposing the vims to a hepatitis C viral NS3 protease 
inhibiting amount of the compound of formula I according to claim 1 . 

55. A pharmaceutical composition comprising an anti-hepatitis C viraliy effective amount of a compound of formula I 
according to claim 1 , or a therapeutically acceptable salt or ester thereof, in admixture with a pharmaceutical^ 
acceptable carrier medium or auxiliary agent. 

56. The pharmaceutical composition according to claim 55, further comprising an additional immunomodulatory agent. 

57. The pharmaceutical composition according to claim 56, wherein said additional immunomodulatory agents is se- 
lected from the group consisting of: a-, P-, and 5-interferons. 

58. The pharmaceutical composition according to daim 55, further comprising an antiviral agent 

59. The pharmaceutical composition according to claim 58, wherein said antiviral agent is selected from the group 
consisting of: ribavirin and amantadine. 

60. The pharmaceutical composition according to daim 55, further comprising another inhibitor of HCV protease. 

61. The pharmaceutical composition according to claim 55, further comprising an inhibitor of other targets in the HCV 
life cycle, such as helicase, polymerase, or metalloprotease. 

62. Use of pharmaceutical composition according to daim 55, for the manufacture of a medicament for treating a 
hepatitis C viral infection in a mammal. 
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